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— Wa ter  qual i ty  data from the Wi ld  Rice River indicated no major water  iiua l ity
problems . Dissolved oxygen averaged 94 percent saturation. Phosp horus co ncen—
t rat ions were stiff Ic lent ly high t o  support nuisance a I g.i I blooms • but nit rogcn
concentration.; wer e low , indicating possible nitrogen limitation. Fecal c o l t—
form counts exceeded 200 colonies/ l00 ml onl y during storm events.

The surrounding lakes can be c l a s s i f i e d  as eutrophic. Lakes that were
morp home t r ical ly similar t o  proposed Tw In Va 11ev Lake did not St  rat l iv  and w e re
able to meet the S t a t e  standard of ‘ mg/ Z b r  d isso lved oxygen. The algae con—
cent ral ions ranged from 1 to 130 pg/~ chlorophy l l  a .

A lgal bioassays we re  conducted 0fl wate r  samp les taken In the W i l d  Rice
River , Dayton Hollow Reservo ir , and Ot te r ta l  I R iver • t he inalor t r I but ,Ir to
Dayton Hollow Reservoir. Chemical aWl I V s e s  On t he samples taken in the
Ot t e r ta  ii River and Dayton ilol low Reservoir  m d  i cated  that condit ions in the
reservo ir and r iver were similar. In a l l  of the samples , t he nutr ients  w er e  in
an available form . The b ioassa v s were inconclusive , indicat ing that ei ther
phosphorus or nitrogen could be limit ing.~

A reservoir ecological  model was used t o  predict  the t roph i c St  .1105 of he
impoundment and t he e f f e c t s  of var i otis reservoir epe rat lena I and management
schemes on the water quail tv. Monte Carlo simulat ions were used to include the
var iab i l i t y  inherent in the update data and c o e f f i c i e n t s .  The mathe mat Ica l
simu lations indicated that the downstream natura l temperature oblect lye could
be met with either se lec t ive  or bottom wi thdrawal .  Bot to m w i t hdrawal is recom-
mended . The lake wi l l  probably s t r a t i fy i n te rm i t t en t l y  from May through .June ,
but S ta te  dissolved oxygen standards will not be v io lated. S imulated algal
conce ntrat ions were 2 to 90 ~;g/ Z chlorophyll a. Blue—green algae were predicted
to dominate throughout the s ulmuer. No problems w i th  fecal  coi l  forms exceeding
standards were predicted , but intermittent problems in the headwater regions are
probable .

Laboratory studies on so i l  samp les taken at the project s i t e  were used t o

study s o i l — w a t e r  in teract  ions under anaerobic conditions and to provide guidance
on reservoir clearing and filling. The studies indicated that anoxia would
deve lop 5 to 15 days a f te r  s t ra t i  IT (cat  ion and that hYdrogen sul IT ide product ion
is possible in another S to 15 days. Prior to filling , remova l of all v e g e t a t i o l
from the reservoir would probably reduce the initial oxygen demand . A series of
fillings and flushing followed by a slow incremental f i l l ing would probably
improve water qual i ty  during the initial years after filling .

Appendix A describes the alga l assay procedures . Appendix B describes the
laboratory experiments on soil samples taken at the proposed proj ec t  s It e .
Appendix C discusses the potent ial for aquat ic macrophvte grow t li. Appendix P
presents the initi al cond i t ions, co e f f i c i e n t s , and updates for the mathemat ical
ecolog ica l simulations . Append ix E l i s t s  the coeff ic ient  references. A ppendix
F presents t he nutrient loading resul ts .
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PREFACE

This study was conducted by the Environmental Laboratory (EL) of

the U. S. Army Engineer Waterways Experiment Station (WES), Vlcksburg ,

Mississ ippi , for the U. S. Army Engineer Distric t , St. Paul (NCS).

The projec t was author ized by Intra—Army Order for Reimbursable Services
No. NCS 1A- 77—l27—EDH dated 19 September 1977 and Change Order No. 1

dated 5 December 1977.

This report is an evaluation of the water quality expected in the

proposed Twin Valley Lake relative to its eutrophication potential and

to water quality criteria and standards appropriate for the project

purposes.

The research was conducted under the direct supervision of

Mr. D. L. Robey, Chief , Ecosystem Modeling Branch (EMB), and under the

general supervision of Drs. R. L. Eley, Chief , Ecosys tem Research and
Simu lat ion Divis ion, EL, and John Harrison , Chief , EL. Drs. D. E. Ford

and K. W. Thornton , EMB, served as principal investigators. Dr. A. S.

Lessem and Mr. W. B. Ford , 111, EMB , par ticipa ted in the stud y and in
the development of the Monte Carlo simulations.

Ms. C. Stirgus , Ms. F. Thompson , and Mr. T. Quasebarth , EMB,
assisted in data analysis. Drs. D. Gunnison and J. Barko , Ecos\ t ‘n

Processes Research Branch , prepared Append ixes B and C, respectivel y,

and along with Mr. J. Norton , reviewed the draft report.

Drs, R. Megard , J. Shapiro , H. Stefan , and H. Wright , University

of Minnesota, Minneapolis; Drs. T. Collins and D. Mathiason , Moorhead

State College, Moorhead , Minnesota; and Drs. H. Bromel and J. Peterka ,
North Dakota State University, Fargo , North Dakota , provided assistance

in data compilation.

Ms. Leslie A. Gardner , Utah Water Research Laboratory , Utah State

University , Logan, conducted the algal bioassay analyses and prepared

Appendix A.

Director of WES during the conduct of this study and the prepara-

tion and publication of this report was COL J. L. Cannon , CE. Technical

Director was Mr. F. R. Brown.
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WA Ii R ~ l A l  I I I  F\’Al I’M I ON ~~~. Y_RO .P .1~S.E.D LW IN  \‘A i . 1 L i  I ~\K

W I I  P E l CF R I V E R , M I N N  ITSOl :\

I’AWI ’ I : I N  i ’R ODI’ (’T 105

The p repos ed lw in \ . I  11ev l a ke would be t ormed by t he impound-

ment of  the Wild Ri cc’ R i v e r  near Twin V a i l  cv , Minnesota (Figure 1 ’) . The

pro e~ t w as ant hom i .‘e~1 by t h e  Flood Cent ro 1 Act of I 970 to r  purposes  of

1 ood eon t rol , r e~ r e .1 t ion , and I i sit and w i l d  l i i  e development . The’ proj  —

t wou Id be opera ted pm irna r i Iv to  reduce I I ood i ut~ dow nst ream of lw in

V .i 11ev on t he W i l d  R I ~ e Ri ~‘e r .i ud on the Red Rive r  of the North I rom

Ha 1st ad , M i nn esota , t o  Dray ton  • No rt ii Dakot  .t.

2. The oh .~ cc t i vt ’s o t t h is s t udv we’ me to eva 1 nat e the wa t e r  qua I i t  v

.tnd cut roph icat ion pot cut i a I of p ropesed ‘h\~’ in V a i l  cv Lake re’ lat ive t o

pro jec t purposes . A comb m t  ion of techn iques including compar i sons

w i  t ii surround i n~ impoundments a I gel b I oass . tv s • 1 abora t o cv s tudies on

anacrob ic cond i t ions , mat hemat i cal s inn I at i ens , and nutrient loading

.iua I vses wa~ used . Wh j l~’ each ot the intl ividua I techniques have in-

herent assumpt ions and limit at ions , their comb i ned use pro\’ i des co r—

rohorat lye and comp lement ar~’ tnt  ormat ion. This approach has been used

in other  w a t e r  qua l i ty  stud ies (Thornton et a I . I ‘)7t’ ; Hal I ci a 1. 1 ‘177;

Ford et a I. j 978) and is described in elet a u by Thomnt on ci a 1. ( 19 7 ThI

3. 1’his report presents resul ts  ot a wa te r  qua l i t v  eva luat ion  of

proposed Twin  Va 11ev l.ake. The a s sumpt ions , l i m i t  at  io n s • and re’sul t s

of each tec hnique’ are  presented separa tel v . I’red ict  otis from the di IT—

ferent t echn i ques are ev a l uat e d  and compared based on the a ppropr ia te

assumpt Ions and limitations to determine the water q u a l i t y  and t rophi c

s ta tus  o IT proposed Twin V a 11ev lake .  The spec i f i c s  of the’ a lga l hi o—

assay analyses , the laborat or\’ studies on anaerobic condi t ions • and t he

macr ophyte assessment are  descr ibed in Append ixes  A • B , and C , res pec—

t ive lv .  Model cod f i c ie n ts , updates , and m i t  t a t  condi t ions are s p e c i—

t ied in Appendix I). Coe file t en t  r e ferences  are listed in Appendix F

and nut  m l  cut l oading  me an its are Inc lud ed  i n  Append ix  F’.

S



PAR l  I I :  BACKCROUNI) I NFORMA l I ON

it e’i5 lie tf

4. Th~’ W j  I d R ice  River wa t ershed en~~ompa sse s .ibou t 51 10 km~ in

nort hweste ’mn Minnesota. The W ilel Ric e River start s in Upper R ic e ’ I..ik ’

(ci  eva t i on  458. 1 m* ms 1) and t lows in a ge’ne ’ra 11 v west  er iv di ree’ t ion

nut Ii it io ins the Red River of the’ North 48 km non ii ot Moorhead

Minnesota (Fi gure 2 ) .  The t o t a l  length of the r iver is approximat civ
WI) km.

5. Proposed Twin V a i l  cv Lake is b eat eel at approx imate’ Iv k i lometre

~8 near the phvs iographic t rans i t ion  zone from Red R i v e r  lowland to

glacial moraine. The t opographv of t ile’ 2300 km of moraine l oca ted

above (east )  the proposed proj ec t is gent lv undulat ing t o  rugged . 1 and

cisc in the’ w at ershed above the p r o j e c t  is approx im3t e’ 1 v .~ 3 percent

cci ii ivatcd and 40 percent fo re s t ed  w i t h  17 perct ’nt in pasture , old

I ~e’ Ida~ marsh, hogs , and lakes.  The percentage ot t orest eel lands in-

creases In an easterly direction.

Point ~li scharges of po1 m t  ion to the W i ld  Ri~’ e’ River above’ the

proposed pro j ect are the Mahnotnen and Wauhum wast  ewate’r t reatment

ac ii it ies . Both fac I lit les consist of a pumping s t a t i on  and pr m ary
and secondary  stab iii ;~at ion ponds. The N inneso t a Poll ut ion Contro l

Agency (MPCA) considered t he Wauhum sy stem t o  he adequate • hei t IT ound

the  Mahnomen ponds reached capac it v bet ore s t  ab 111 ~a t I on occurred

(M PCA 1975)

7. Numerous small lakes and swamps in the upper watershed s t o r e ’
and delay runoff. The average annual runoff for .~ ‘) \ ca rs  of record at

the V . S. Geological Survey (USGS) gage at  Twin Va 11ev is ‘ • ~ cm.

Generally , the atreamf low at Twin Va l ley r i s e s  in la te  March or Apr i l

from snowine it (Figure 3) . The large’s t f l o w  u s ua l ly  oc ccii s in  A j ’ r i I

The f l ow rena ins h igh  th rough  June and then slow Iv recedes.  Approx i —

match t~2 percen t of t he’ total annual f low at Twin Va 1 1ev occurs in

* El evat ions c i ted  here in at e in met res re i t’ r red i t ’ mean sea level
(msl ) ; sampling elevations are re fer red to  base’ of re ’st ’rvo in

- -~~~~~
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3 months— —A l’ r Il t ii rough .1 tine. l)u ning pe ’ r i t ’d a o I drought , t i le ’ uppe’ I

la kes sc i s t  .i lii the i low .

C I i mat ol ot~v

S . Weather  obse rvat ions of a In t e’mpe’ra t nrc and prec I p i t  at I on are ’
.iva t 1 able’ i non t liree’ Nat I ona 1 W c.it he’r Ser~’ ice (NW S ‘I met core’ log I ~‘a I

s t  at tolls w I t h  iii the’ W I let t~ Ice Rive r has in at Ada , Malinomen , and Twi ii

\ i  II e ’V  . t he’ c 1 05e ’5 t t i.i~~s A met eoro log I ~-a I s t a t  ion is approx tnt _ i t  c l v

t~5 kin southwest ot the proposed p r o j e ’ct in F’argo , Sort  it l \ ik o t a  . I l a t a

I non t his a t  a ii on were used in  t h i s  s t tidy.

9 . The’ cont i nen t a 1 c l i m a t e ’ of t i le ’ m eg ion is  c itar.ic t ~‘ r i .‘e’d by

e x t  re ’mt van i.it ioits in t e’mpen.Iturt’ and moderate ’ p1cc Ipi t a t  i~’ti . Mean

,tn nua I p me’c i p it at ion and ev.ipoma ii on .i t e  aj’p rex i Iit .i t c l v  ~ I and 7 t~ cm ,

ne ’sp~’e- t  i ve lv  . At  Ada • the maximum recorded annua l pree - ipi t at ion of

85 cm occurred In  1941 , and t ile ’ mlii imum re’co rde ’d .inntia I prec I 
~ 

it at I on of

cm occurr ed in 1910. Approx m a t  c lv  70 I~t ’ t e ’ e’1lt 01 the annua l pre ’—

e’ 
~ 

it at ion occurs  during the’ growing season of Max- I hrough Sept e’mbe’ n

10. At Fargo , Not- i Ii l)akot a • t h e ’  mean mont ti lv a! r t empe’ t a t  t ine

range ’s I ron — 1 1. S C  in .1 anita cv t o 21 . S
0

1~ in .1 cil v (F i gure’ .4.1 ) . l’hie

maximum mean month lv I’re’c i ~ 
it at I on of 7. 7 ciii occurs in June’ wit i i e ~ the ’

mill I mum of 1 . S e’m occurs  in .1 anuzlrv and F’el’ rua rv (F’ I gui’e .~b ) . Me’an

mont hi \ wi net speeds .i cc re’ 1 ~1t I Vt ’ lv c’Oils taut v.i nv i ng IT rem a miii i mum o t

5 . -~ m/ se ’c in in lv to .i maximum of 7. 2 in! sec In Apr I 1 (Fl gume ..c) . Vile

pr e’va I I i ng wind i s  son t b—southeas t  for t ite ’ mont i ts  ot .1 cute t hrough

October  and nor I il—nor I hwe’s t fo t the mon t his of  Nov e’mbe r t hnough Max-

1’roj~~ ’ed Re’st ’ rvoi t

11. The’ ne ’se’nvoi r as d iscussed in thIs report is l o c a t e d  at an

.il t ernat i ye site ’ approximate lv 1 . 5 km Ups t ream from t ile’ origina l

au thorized s i t e’ (Figure 5) . The conse ’nv.lt ion pool (ci e’vat ion .‘~. in ms 1~
won le t impound app rox I ma te lv 9 . 2S ‘ I O~m 

1 
o f wa Ic’ t~ w i t  ii a S Li ml a e’ e’ .t rca of

2 18 h a  . 1’h is pro l cc t would c rea te’ a 1 .ike ’ ~~~. S n~ de ’ep .tt the’ dam and

7

—
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ext end ing 11 . 3 km ups t re’am. At I till pool c leva t Ion of 336.  ~ in ins 1

6 . 4 4  ~ L0 ’m of w a t e r would be’ iuiipotlildcd, illtlfldat Ing approximately  684

ha. l’he’ maximum dept ii dun i ~ig ful l  poo l e l i  va t  ion is 22 in . The t heo—

ret ic.il hvd rau l ie  re’s ! de ’iic e t line based on mt’an annua l f low  of S m3
/ s e c

would be 2 1 days.  Mean monthly residence t ime’ s would va r y  from 7 days

in A pr i l to -+7 clays in September (Figure t~)

12. The out let works  for proposed ~ ‘ r Va l  1ev I.ake would consis t

of a gal ed sp ii lwav and a se Icc t I Vt ’ wit lid rawa I st rue t ure’ . The s e l e c t  lye

w i t hdrawa l structure would contain two wa te r  qual i ty gates and two flood

contro l gates .  The pr u niarv ITunct ions of  t h e  at ructure would he to

re lease no rmal r iver  t lows te’Inporar i iv stored flood waters , and emer—

gene v res e’rvo i r drawdowi . ihe emergen t-v sp i 1 lwav (elt’vat ion 3 36 . 5 m ins I )
e~ou Id be use’ d to  pass .i lb t low it’ X c e s 5  of the design flood .

13. :\5 cc i r rcn tbv  envisioned, t he’ p ro jec t  would he operated pr i—

man ly for flood control w i t h  the’ operat  ing p lan enh anc ing other p roj e c t

p urpos e ’ s w here’ p r a c t i ca l .  The normal pool level would be maintained at

324 m msl.  Re leases would he l imited to 70 m 3/sec . * Above e levat ion

138.6 in msl  re leases  t~ocild be u n c o n t r o l l e d  and approx imate ly  equal  to

the inflow . Minimui flow would be approximately 0.14 m 3/s e c .

* This revised value d i f f e r s  from the 48 m3 / sec speci f ied in the Design
Memorandum (U. S. Army Engineer D i s t r i c t , S t .  Paul 19751) ) .

8 
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PART III: SURV EY OF EXISTING WATER QUALITY DATA

14. There are two reasons for analyzing existin g riverine and

impoundment water quality data. First and foremost , extrapolating the

data  to the proposed project is one of the best approaches for predict-

ing the water qua l i t y  of the p ro jec t .  Impoundments in the same geo-

graphical area will have similar macr ome teoro logy and may have similar
wate rshed charac teris t ics , therma l regimes, and bio tic communities.

Second , st ream and lake dat a are required input to ot her predic t ive
techniques (e.g., ma themat ical simulat ions and nutrient loading
anal yses).

St ream Da ta

15. Wa ter quality da ta were taken by the USGS in the Wild Rice
River at Twin Valley (USGS Gage No. 05062500) during 1975— 1977 (USGS

1975 , 1976 , 1977). This sampling station was located near the proposed

damsite (ca 2 km downstream) , and the data shou ld be representa t ive o f
water entering the proposed impoundment. The data for the open water

period March through Oc tober are summarized in Table 1 and in the form
of sca tter plots for selected para meters in Figures 7—15. All parameters

varied extensively at low flow.

Dissolved oxygen

16. Dissolved oxygen (DO) concentrations averaged 94 percent satu—

ra tion for the 3 years of data. The range was 65 to 115 percent. The

minimum recorded DO of 6.1 mg/i indicated no existin g problems with DO

concent ra t ions sa t is f ying cr iteria for aquatic life. No relationshi ps

between flow , t ime of year , and percen t saturation were found .

Biochemical oxygen demand

17. During 1976 and 1977 the 5—day biochemical oxygen demand (BOD5)

averaged 5.5 mg/i wi th a maximum of 23 mg/i recorded on 19 July 1977
(Table 1). The mean BOD5 concentra tion in 1977 was higher than in 1976
(8.5 versus 2.6 mg/i), ye t the percent saturation of DO was similar

(94 percen t versus 93 percent). Since low flows characterized the 
last9



ha I I of 1976 and a l l  o I 1977 through October and s ince  there was I i  E l  Ic

re ’ hat  I onsh I p between f I e)W and 1301)5 (F I sure’ 7) , t he hi I ghe r organIc 1 ~ j e i —

tugs upstre am in 1977 may h )ossthly be in the lorni of  a point source of

organic matter.

P ho s j )hIo

18. Phosphorus is one of th e ’ nui j or iiu t r t e n t s  re’qu I red for plant

giow t Ii and It Is usual ly cons ide red to be’ t he key nut r lent In t he’ ae ’c’c’ I —

c - r a t  Ion ot Cut roph fe a t Ion. According to W etze l  (1975) , uuc’ontam lna t i’d

wa I e ’ rs genera li v have t o t a l  phosphorus concent ía t 10115 of 0. 01 10

0.0S mg/ i . Sawyer ’ s c - r i  L i  cal  phosphorus t ’once’nt mat ion at apr lug over-

turn wa s 0.01 mg/i (SawYer l~)54) . Averag e ’ total phosphorus (I’) and

or t hophosphtite (P0
4

— 1’) couce’flt rat ions f o r  the’ period 1975 t hrough 1977

were 0.057 and 0.024 mg/ i P • respect lye I y (Tab It’ I ) - The maximum I

e’once’ n I nat ion recorded was 0. 24 mg/ i , Phosphorus concent rat Ions tended

to Increase ’ w i t  ii t low during major  I loe)d events (Figure 16) , b ei t t he’
ewe r~t 11 r e t  at I onsh I p wI th flow wa s not s ign i f icant  (Figure 8) because of

t he’ w ide’ var I ant - i’ In conce’n t rat Ions at low flow . The’ mean ra t  lo of

P01—1’ t o  t cit a I I’ was 0.48. Tit is r a t io  was in genera l agreement w i t  hi

(Imern 1k (1977 ) and i s  an e s t i m a t e ’  of the’ f r ac ’ t ion of hi oava liab le’

phosphorus.

itJ

19. Tota l  soluble’ ino rganic nitrogen (TSIN = 1403
—N + Nt3 ,— N + N il 4 —

N) I s a me’asu re’ 01 se ’Ve ’ r:i 1 .ìva 11 able fo mis  of n i t  rogen mequ I red 1 or

p lant growt hi. ‘l ife’ me’an I’S IN concent rat Ion of 0. 11 tng/ i (lab 1 e I) was

re’ hat  l vi’ Iv low and comparab he w i t  Ii Sawy e’r ‘ s e r  i t  i ca l n i t  t oge’Il coiic c~il~

t rat ion of 0. 2 to 0. 3 mg/i (Sawyer 1954) - Mean ni t  rate (NO 
1

— N) and

ammon I urn (Nh i ,— N ’) cone -cut  ra t  Ion s we re 0.066 and 0. (141 mg /i , respec t lvi ’ iv .

A ll n i t r i t e’  (Nt) 2— N) ce’nce’flt rat i otis w ere’ less than eie ’ t  c c l i  on l i m i t s .

Concent rat tons of a ll forms ot n i t  rogen were ’ ge’nera l 1 \~ lii ghe’ r dun Lug

the’ apr tug 11 ood (e ’ . g. , F’ I gu re’s 17 and 18), but van led w Ide 1~ .1 t I ow

f l o w  a iid f rom Vt’ an  I o ye’ .i t (F’ i gumes 10 and I i  ‘)

Si l lea

20. S t ii ca is re’qu I red b~ diatoms in the svnt lies (a ot t 1w ir I ins—

tul t’  c - i’ll structure’ . When concent mat ions t ail  be’ low 0. 5 mg/ i , most

di at oms cannot c l i  e’c t I ye’ lv c olupt’ I t ’ wi t Ii tlt’ns Iii ceotis algae ’ (W et ze I P47S )

10

- --- -~~~~_ _



— 
~~~~
‘ -r ~-- -

- • -. -- --. _ _~~~~~~~~~ -~~~~~~-- - -- -‘ --—. -— -  -

In liii’ W i l d  R ice  Riv e t , a l l  lea conce’nt t a t  (otis rang e’d I mcmi 1 . ‘ t o  11.0

mg / i (l ’ al ’ Ic  I . I’he’ mean e Ofle en I rat ( ciii was I I. 1 tug / i . No j iroh’ 1 (‘ill S

wCrt’ a n t  Ic ’ I pat cci wit Ii s i t  Ic -a 1 iml t lug t lie ’ ci la t  oni populat ion.

A lka l  I nlty  and p h

.‘ I . The’ : ivetagt’  a I ka l I i i I iv  and phi In t h e ’  W I Id R i c e ’ R lv ’i dttt lug t lie

I ~ears we re’ 248. t) mg/ i as Cai O and 8, .‘ , re’spe’c t I ye’ ! v - i’he’ re’spt ’c t I ye

l a ilge ’s we’re I SO. 0 t c i i’~ 7. 0 mg/ i aiicl / .  3 t o  8.8. I1ur lug I ‘-) 7i~ , phi var it ’d

pe ’t- i oct 1 c a l l  v (F’ I gui- c’ IC) ) , poss lb 1 v clue’ I 0 na tnt  a i t  . 1’he i”’ and CO

conc e’tit t a t  I otis are’ I nve’rse Iv re ’ 1 at eel ; as t : i  Iii 1 a 1 Is t lirough I li t ’ at flio~. -

phi’ it ’ , it be’t’o;tie’~ sat  u rat eel wi t ii Cti , , and a I nec ma In ci meip It ’ t a a me’

e’aSe’lit tall y unhu I tereel  , t lie’ CO , conce’nt t a t  Ions de’prt ’ss I lie’ p 11 va I tie ’s.

These’ eve 1 C’S ohst’rvc ’d iii ph i chUm I Iig I 976 ~or rc ’ai’onei w i t  Ii at t u r n  e’ve’nt

.‘ I - The’ m l  e’nac t Ion of pit and CO ~ a lso t n t  I h ence’s c it he’n c l ient I ca I

e e ’iis I I t  tien 1 s su ch as pitos phe itt is . A l phI 6 atiel above • progre ’as I Ye ’ 1 v

great e’i atneutit it a c u t  phosphate a t e  asso c l a t  ccl w i  t h i  c’a le ’ (tini (W et ,- t ’I 1 97 ’ ’t .

S I nec pliospha (C ’  e’ oiie’en t rat Ions a me ’ ge’ nera II v in I lie’ in le ’ t og  t am pe’ 1 1 i t t  c

range’ anet t a  Ic (in n and ot her ma ot cat ion e - t ’nce ’nt rat (oils a t e ’  in I lie’

1 1 1 1 1 1 1  gnarns i’e’t l i t  me’ mange’, e’ornp ( c x  I oirnat b u s  c i t  t hit ’ae ’ c- a t  to i ls W i t  Ii

phe’spha t~~ an I t i l tS  w I ll have l i l t  It’ i’ll cc’ I e’ ii I lie ’ c’a I I on eli st ml but I e ’ti .

but w i l l  have ’ :i l’ t e ’ i eu tiii d e l f  e’e’t e’li I lie’ phoap liat c dl s t i b  but ion (Wet ;c I

I 97 ‘u ) We ’ t ~ t’ I ( 1 97 ,)  f u r l  lie’ r s t a t  Ce1 I hat in a aol itt ion it p11 7 w i t  lioti 1

c u t  ht ’n e’ompoutnets , 40 mg/ i of c~i li
_ I urn w i l l  I tin t I t ile’ sot  ulu ( I  i t  v of piios—

pliat e’ t o  about 1(1 ~ig / i • w hereas a ca It ’ 111111 conet’nt rat it un c i i  100 mg/i

w i l l  1 tin it t ile ’ equ I l l  Ii i luitu ~a I un’ of phosplia t e’ 1 ci I / i . lii add i t  Ituit ,

01 sukl and Wet zel ((97.1 toutiet that ine nt ’as ing phi le ’:iel5 to c - a lt ’ m m

ca rhiona I c fo ima I Ion and t lie e’Oprt ’c I P it  :11 iou c i t  plitisp iut I t ’ w i t  Ii I lie’

e’~irbonat t’ . The i c ’ t a t  I y e ’ lv hi gli a I ka h u b  t it’s anti p11 ’s may rt ’su 11 Iii an

app re’e’ I ahi it’ e e ’IiC Cfl I rat ion t i t  Cii (‘0 
~ 

ant i c~opl t ’c 1 I’ it ilt  I i’ll of pliosp lit ’ iuus in

th e’ proposed Twin V a I l  ~~ lak e’

Spec t I l e ’ conduct ant -c’

1 3 . Sjit ’c’ i l l  c coiicltie’ I :~ lice’ proV I eli’s au t ’ s t  I mat t ’ ot a w a t t ’ t ‘

c apae - it  v t o  c’ t’ndnc I an t’l e’c - t r  b e ’ a t  c’urrt’nt . ‘I ii is c apa t ’ I t v I a tel a t  t ’d

Ci thi t ’ e c it ie ’e’ t t I t~ i 1 b u s  ol h u t  I t ’d aut h’s I ;itic ’eN iii I lit ’ i sat  ci . Spt’c i t  I

e ’onelue I ant- c’ can lie’ nie’nsui- t’tI i eael I Iv iii I lie I II~ Id atiel ptt ’~’ I c i t ’ S  ~i I otigli

II 
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es timate of the total dissolved solids (TDS) concentration. In

general , TDS is 60 percen t of the specific conductance value . This

general relationship Is  apparent in Table 1 except for 1975. During

the wet year , 1975 , TDS was approximately 75 percent of specific con-

ductance. The TDS values are all less than the reconunended maximum

value of 500 mg/2 for irrigation water but are greater than the EPA

cri terion of 250 mg/9 for domestic water supplies (EPA 1976).

Fecal coliforms and streptococci

24. Counts of fecal coliform and total streptococcus bacteria

indicated no public health problems related to bod y contact recreation

(Table 1). All I ecal coliforin counts except one were less than the

Environmental Protection Agency (EPA) criteria and the Minnesota stand-

ard of 200 colonies per 100 nil for bathing waters . The maximum of 390
colonies/l00 ml occurred after a summer rain storm .

Discussion

25, Care must be taken in extrapolating data front the stream to

the impoundment because of the change in flow regime. As the water

flows from a river ine environment into a lake environment , its depth

and travel t imes increase and turbulence decreases . There is less sur-

face aeration , more decay per unit distance traveled , and more oppor-

tunity for particulate matter to settle . Therefore , water quality

consitutents that decay with time and/or adhere to particulate matter

should be found in smaller concentrations in the impoundment than in the

s t ream , provided no other source exists.

26. It is also important that the data be representative of a va-

riety of flow regimes and that the data only be used within its con-

fines. Time histories of flow for the 3 years of data illustrate dif-

ferent hydrologic regimes (Figures 20—22). Two major floods occurred In

1975. The first flood resulted from spring snowmelt while the second

resulted from a midsummer storm . In contrast , the spring snowmelt was

much less in 1976 and virtually nonexistent in 1977. Most of the data

collected during these 3 years were representative of dry and wet

extremes. Very little data were collected under “average ” conditions .

27. DO concentrations were near saturation; however , the high

12
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B0I)5 In 1977 c’ou ld pose’ a pei te ’ n t  lal 1)1) dep Ict Icuti I)roble’rn , as eie ’e ’~iV I’~~
unit d is tance’  t rave’ I ccl I ne- l e a s e s  In t he pioposc’d res t ’ r vc u  In.

28. Phosphorus co nc-c’ n I rat  i otis In t lie’ r I ve ’r w e~ i c t y1i I ca l  c i t  nc u n h u tu 1—

I ut ed waters wh Lie nIt roge’n ,‘ eunce ’n t rat I outs we ’ re ’ I ow. Cone - t’nI r a I l  cults c ut

both nut r tents shu em (ci be~ leuwer In I hi’ Impeiundme’nt than in I he’ r ive’ r

provided no othe r source’ s e ’X ta t . l’Iic mc’aui N/h i ra l i e u  (I . • , TSIN / (P0
4
—h’)~

was 5.4. The existing water quality data for th e Wild Rice River in—

idicated no major water quality problems for proposed Twin Valley Lake .

Nat iona l Eutrop h ica t ion  Sui rve -v I)a_t/~i

~9 In 1972 , t hi’ EPA In it Iate’ d t hi’ Nat iona 1 Eut t cuplu t cat  ion Sti r—

ve’v (N ES ) to I uives t i gate’ t he’ t hire’a I cit acce’ ic-ra t i’d cut roph icat  I on I c i

freshwater lakes and rese rvo  Ins. From 1971 to 197b , 815 lake s ant i

reserve irs we’re sttrveye ’cI to det e’rm lute’ phys Ical and c’he’rn it -al  c’ l iamac - t cm—

ta t ic ’s; t rop h Ic state ’; nut r ie’n I source’s , I eu acl s • and ceu nt u e l l  a b i l i t y  ; and

h t m l  t lug nutrient a. I it Ml nnesot a , 78 1 akc’s we’r c’ sum rve’ved dun I ng 1972
and In N ei nt h Dakota , 14 lak es were surve’yed durIng 1974. Alt lue uui ghi e’~i chi

l ake was sample- cl only t lit - ce’ t Ime’s churl ng the’ ve’a F , liii ’ numhc’ n of I ~uke ’s

su rveyed make a reasonab le cIa Ca base to e’ompa i- c and eva I ua t e’ t hi’ wat e’r

qua i l  t y and eutroph I cat ion pot e’nt I a I o ( propeise’d ‘i’w In V a 11ev l ake’.

30. Selected phys Ic al, clie’ml cal , and bi eu I ogic’~i l parameters taken

from t he’ NES dat a are sununar I zed In Tables 2 and I I tin 27 1 akc’s and

reservoirs  located w i t h i n  a p p r o x i m a t e l y  200 km ot t he’ propose’ci preuie’ e ’t

Most of the p aramete rs  a te se-I f—e ’xp lana t eirv . Range’ s a r e ’  g i v e- u i  f e ut ’  spt ’—

c [ f t c  conduct mice’, Secc h I disk de’i th , a I ka II ni t  v , phi , N/h’ rat I ci , and

chlorophyll a. Spec’ if b e ’ de f in  It I outs for symbo l’  ,inei utons I iineiarel I e’t ’fl t I —

nology are given he-low :

a. 1,nke’ type — N correspon d s t o  a lake’ of nat utra I or I gin antI
I corresponds t cu a man—macit’ lake’ ( Impouuntlni e’nI ) ct’ e’at e’ el
by Impound ing a stream or rIver.

b. Strut I I (cat  (ci i i — t he’ strength of at rat i t  ie ’at 1cm is re ’ lutcel
to t he maximum temperature’ dl I t e ’re’ne’e’ bc’twc’c’n I lie’ surt at - c ’
and bottom waters .

c . MInimum 1)0 — t he’ un f it imum DO me’asuure’el anvwhie’rc’ in t he’ I :ukt ’

I t
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d - N / I’ r a t  I o — Cite ’ ratio ot t he’ me’an I ti— lake’ ni I re igd’n colic’ e’n—
t rut I on (l’s IN) I e (Iii’ uiie’flhi In— lake’ cli ~so l vi’cl phosph orus
or cr1 hophosp hiatc ’ e’oncent rat Ion

l imit ing nut u’I i’ll t — el e’ t e’rm I ned liv t he’ A lga l As say Pro—
c edure’ Ti’s t I. EPA 1971) . ‘l’he’ svnibo I U I nel l c-a It’s uinkncuwn

Cli i circtphv 11 a — t h e  .1 i itch I cat e’s that I lie’ viii t ie’s max’ be’ lii
Cr rcir liv ~ 20 lie’ L’cettt clue t cu Itist rume’nt at I out pt- oh I ems in
1972.

~~~. Trc ip hiic s t a te ’  — de’tertuine’el ~iv c’tin ipiul ’ l ug  I lie ’ me ’asuu ’e’ci phie ia—
phiorus I o~,cl I ng rate’ w I thi t hose’ pi’opcisc’cl liv Vo ii e’nwe I cie’u’
( (9 75) . The’ symbol a F, N, and 0 e’euu’ re ’speuncl t ci cut i’eiphi Ic ’
mc’sot rciphi it ’ , antI o il got u’oph it’ , u’ e’spe’e I lvi’ lv

Spt’ e’ i t  I c I itt c inn uat ion on NES sanip II ng met hods , ana lvt  I cii i procedure’s

e te ’., can he’ found In EPA ( 1976 , 1975 ) .

1 1 . l’hc lake’s l i s t  ccl in Table ’ .‘ were t’e’St r let  eel t o those ’ I eie’a t eel

w i t  bIn 200 km of the pi’eipei~ cci prot e’c’t t ci minimize’ geographi t e a l • hivc ire i—

log ic -al , and rnc’t e’oro I cig I c a t  di f fe- rent- c’s. The’ mat dir II v c ut I lie’ lake ’s wt ’re’

east cii t he’ hirohiosc’ el p mc i e’e~ t - Moi’plicime’ t r  I c’a II v , I he’ lake’s viii I c’ ci In

sur f ac e ’ a re’a I reim 28 t ci 45 , 100 liii ;uncl In me’itn ehep t hi f 1cm 1 . 2 1 c’ I I. I iii .

Of t he’ 27 lake’s l is t  e’d , I S had  suir f at - i’ areas great el t hiatt pi’oposecl I’w in

Vu I Icy lake (218 ha) and Iii had greater mt ’an ci e ’Iit h a  (I . e’ . • Tw in 11:u 11ev

Lake’ 4 . 2  in) .

12. Pro pos ed Twin \‘a 1 1ev Lake’ c l i i  fe ’ rs fi’onu I lie’ lake ’s l i s t  (‘ci f i t

Tab le’ 2 in two res pc ’ c-t  a .  El rat  , a l l  of I he Mt nnc ’se it  a I :ikc’s ~~~ nat uma I

lakes. in many Inst ,‘inc’es , nut uira 1 1 ~ike ’s and re’sc’mvo Ii’s cl i i  fe’i’ a I gut I t  I —

e’auit lv (Baxter 1977) . Se’c’onei , the’ mean livelranl I e~ i- c’s ie le ’ne’e’ I line to n

proposc’d Twin Vu I Icy Lake ’ is 0. 0(i V e ’iii’S . Tb Is I inc Is less t hiaui the

0. 1 te i 12. 7 years I f  at c ’el In ‘I’ali Ic 2. The aIx Norl hi l)akol a i c ’sc ’i vt ’  I t s

had re’s lc lence’ t line’s greater t hiatt 0. u S  y e a t s

I t . A re Ia t lvi’ mc’asure of t he’ It glut pcne ’t t a t  I on in it lake’ is t he

Se-cc itt elisk depth. The- Se ’cc ht dIsk depths In Table’ 2 var Ied t rout 0. 1 t o

4. 3 in. The largest vat- I itt I on Iii any cmi’ lake’ was 0. h to  -‘.9 in. Whc’ii

compared wI th natu ral lakes, t he Impounelmc’nt a we’re c- harat - t ci’ I .~t’cl lut’

ama 11 e’r mini must Secch I ill sk elep ths . Se’ascmu I vu u-tat I tilts W i t  hi in I ntpciunei —

une’nt a and lakes we’re’ si ml I at’ . h’ ropose’el Twin Va II t ’v 1 .akc’ shou let t oIl  ciw

C hits putte’mn.

1 4



34. The s t r eng th  of therma l s t r a t i f i c a t i o n  was determined by the

ma x imum temperature  d i f f e r e n c e  (AT) between the surface  and bottom

wa ters. All of the lakes , excep t one , wi th mean dep ths grcater than
in were strongl y stratified (i.e., AT > 5°C). Of 10 lakes wi th mean

dep ths less than 5 in, 6 did no t stratif y or were only weakly stratified

(i.e., AT < 2°C). Three of the four remaining lakes that did stratify

strongly had surface areas less than 75 ha and possibly were sheltered

from the wind . Since proposed Tw in Valle y Lake would have a mean depth
of 4.2 m , a su rface area of 218 ha, and a theore t ical hydra ulic resi-

dence t ime of 0.06 years , it probably would not stratif y strongly.

35. Closely rela ted to thermal stratification were the existence

and extent of anoxja. Anoxic conditions were assumed to occur when the

minimum DO dropped bel ow 2 mg/R . Except for one lake , the strongly
stratified lakes (i.e., AT > 5°C) were anoxic. All of the weakly

stratified lakes had DO in the bottom waters. Based on this th forma—

t ion , proposed Twin Valley would probably not have DO problem s.

36. Alkalinity and specific conductance increased in a westerl y

direc tion. Alkalinity varied from 93 to 730 mg/~ . Nineteen of the

lakes had alkalini ties greater than 150 mgI2, and were classified as

hardw ater lakes. The p11 varied from 6.5 to 9.4, but most lakes were in

the range 7.2 to 8.7. Specific conductance varied from 150 to 2900

iimhos/cm. The conductivities of 22 of the lakes were greater than 250

limhos/cm . Eigh t of these had conduc t ivities greater than 500 1~hmos/cm.

If TDS is assumed to equal 0.6 times the specific conductance , then a

typical TDS concentration in the lakes would be greater than 150 mg/2.

Because proposed Twin Valley is located near the edge of the moraine

(Figure 2) and its watershed extends easterl y, the chemical composition

of the proposed lake would probably be similar to the natural lakes

found in and near its watershed. The project would probabl y not be as

alkaline as the North Dakota reservoirs.

37. Limitations of algal growth in the NES lakes were determined

by alga l bioassays and N/P ratios . The bloassays indicated nitrogen to

be limiting in 12 lakes , phosphorus to be limiting in 4 lakes , and both

nitrogen and phosphorus to be limiting in 2 lakes. Results for eight

15 
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lake’ s were not av al lab It’ be’cause o~ sanip Ic’ prese ’rvat I Ofl Problems in

1972. The N/li ra t ios a lso m c i  t ca ted nitrogen limit at b i t  in most lake’s

If an opt Imum N/ P rat to of IS/i was use’d , thie’n iii 1 ct t lie I hike’s, except

dine 
* had an NI P rat Icu at some t lUte’ I e’SH t ht~tn iS and we’re nit roge’n

1 tint t i’d. The’ title’ reuna tnt ug lake ’ had an N/P rat It u of I 7 / 1 . In 2 1  lakes

the N/ P rat ios we re  available f ur  two om more ’ SiHillu I ing c hat c’s. lii 12 cif

these lakes , t hi e’ maximum rat to w as be’lciw 15/ 1 . ( e’ni ’ra l lv , t h e ’  larger

rat los tuccu rne’d in spring or eari~ ’ summer, it Is therc’feire poss i ti l c ’

t hat proposed Twin Va l l ey  Lake’ would a iso he’ nIt reige’n 1 Int l te’d at scu ine

t I me.

38. I’ota I and ae ’cumui at e’d annual pltosphiot’ us and t i lt  t’ e g e ’ui 1 eiads

wend ’ norma l ize’d to represent average e’ottel it louts (EPA 1975) . These’

we’re used te t de’tenmtt ie t itt ’ t rop h Ic ’ s t a t  us cuf the I ~ike’s . Based on

\ o  II enwe ide’ r ( 1975) , 21 c I t he’ lakes were e’e’ rcuph I e~ 1 was nie’so—

cut roph Ic ; and I we’re me’stut roph Ic ’. S I nc’c Vo l 1 e’uwc’ icier assumed pitci s—

1ihieiruis lint tat  ion and si liCe’ a ma4or I t v of t lit’ lake’s we re’ nit roge n

l imi ted , t h e ’ t rciph ic at atus in Tab Ic 2 should be’ vi e’wc ’d w i t  It e’aut I ciii -
Cotta t de’r Ing only t hose’ lakes where phctsphiorus cm phosphorus and nit rc u g e ’n

we’ re’ limit I ng , f i ve ot six we ’ re e’ut roph Ic. 1’ rcipcuse’d Twin Va 1 le ’\’ lake

wou ld probably a lso he eutrophic.

39. Cli lorcip hy II a con cent rat (tins var fed front 0. 9 to 1 30 pg/ ~ . A

majo r I tv c u t  the’ lake ’s had conc-et i trat icms gni’ater t han 20 pg/ ~
Ca ks tattc r  et al. (1975) found that lake ’s w i th chlorophyll a concent ma—

t I outs dive’ r 10 pg / ~ we’re eutrophic. Base ’d on thu is cu It c’r Ia , 23 of t Ile’

lakes te’stc ’d In Table’ 2 were’ e’utrciplu ie~ . Chloroplw II a concent rat Icins on

the’ order ci 20 to 50 pg/~ would proba bly occur in proptuse ’cl Tw In Va il t ’v

Lake.

40. Overall , the phuvtopla nkteiit POI)ti l cit ic iti cotta Istc’cl cii 74 pe’re’ent

( ‘vanophy t a (blue—green algae) , 20 tie’ rc ’en t Chirvso phiv Ia  (‘c c ’ I low—browi t

a lgae’, (liii touts) , 5 percent  Cit 1 orophy ta (green al Site’) * and 1 pt’t’t-e’utt

cit lie r , Inc .1 uel Ing Py rre’phv t a. Sc’ iust una 11 v , Chrv sop liv t a anti Clii cit’cup hv Ia

dominated lit Apr it ;  Cyanophv ta domina t t’eI in .1111 V and Sc’ p I e’nuhe’r ; and

Cv~unophtv lit anti Chrvseipltv t a elciut i (nate-e l in Oc’ t ube ’t . S Imi Lii- t rc’nds are’

e’xp e- c te’d in prtcpose’ el Tw t ui Val lc ’V lct kc’

It,
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Dayton hiol low Reservoir and we’re assoc tat ed wi tli (hit ’ vast  e’ t re ’a t nue’uit

fac bi t t v ii hove ’ the’ p rei l c’c t at F’e’ rgus Falls (Na t i outa 1 B I Od’ e’t i t r Ic ’ * I tic ’

1976) • Nitrate and anutioni urn V a inc’s t’angccl I toni 0.0 t ci 0. ~ and t toni

0 to 0.4 mg/c , ne’spe’e’t ive lv . The higher values we’re again ass oc ’ i . u t e ’d

with Dayton llciil low Reservoir.  l’he phvtoplankt on compos it ion is also

slmi Ian to that found in thte NES lakes. The’ Cvauic iphvta (blue’— g re ’ens’)
dominated t he phvto p lanktoti asse’mh l~ue~c’ , c o m p ri s i ng  N liercent ot the’
annual stand i itg e’reip (numbers/ni l’) . Thte’ CIt 1~irophv t a (gre’eils’) and

Chirvsophv t a (~~‘ c’ 1 low—brown s 
* 

ci j il t outs) cdiunpn I se’d 8 and 12 pe’rct’nt t u t  the’

annual standing crop , respect ivc lv . ‘l’lie Pvrrop ltv ta (di not 1 age’ 11 a t  c ’S

and c it h ers aga in ceintprisc’d appre iximatelv 1 pe’rce’ttt . The’ lake’s can be

considered moderatt’lv alkaline w i t h  5ilkal initv  values ranging from 148

to 220 mg/t’ 5

46. The nutrient iciadings and product iv it v  est lunate’s in Davteiut

Ilo l iciw would sugge’st t lie de’ve’ 1 cupme’itt cif ,inox Ic cond i t  icins - Heiwe’ve’r * 
tw o

f a c t o r s  ameliorate the situat ion (Nat tonal Bioc’e’ntric , inc . i’4~~’)

First , the reservoir only stratified itttc’rinittc’ntlv and then icr short

periods. Second , the attutual hydraulic residence t ime was 4.4 day s.

m d  teat Ing rapid water e’xchiange’.

47 . Generally , the lakes and reservciirs in t h e’ vic’initv eit 
~~~~~~~

posed Twin Val ley Lake can he’ ceins ide-red ceitreip lt ic . Propo s ed Twin Va I le ’V

Lake will probably be of sim ilat- t reiphic status.
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PART 1V: ALGA L BI0ASSAY S

48. Algal bioassays were cc -inducted out water  samples col lected at

t he proposed Twin Val ley project s i te  to determine the nut rlent(s’) p0—

tent ta ll y limiting phvtoplankton growth and the avai labi l i ty  of t h e t ici—

t nients for plankton uptake. The analyse’s were pertorm e’d liv t he Utaht

Water Research Laboratory (UWRL), Utah S ta te  University , 1.ogan, Uta h

(A ppendix A) .  This information was required to determine’ if update’
data requ ired modification and to select appropriate coefficients for t he

mat hematical ecological s imulations .

49, An assumption of the mathematical ec ological model used in
t his study was tttat all nutrient Inputs were in a 100 percent avai lable

form for phytoplankton uptake . If only a f rac t ion  of a nutrient , e’ .g.,

phosphorus , was ava ilable for growth , theti the’ input data should he

modified to reflect this availability . In addition, model coefficients ,

such as half—saturation coefficients , must be selected to me’t lect

nutr ient coticent rat ions and the l imiting nutr lent. The various nut r lent —

loading models used to predict trophic status also require a pr ior i

knowledge of the limiting nutrient.

50. Water samples were collected at the proposed proj ect and at

Dayton Hollow Reservoir by U. S. Army Engineer W aterways Experiment

Station (WES) and U. S. Army Engineer District , St. Paul (NCS’ ) pe’rsonne’l

on 10—11 Apr il and by NCS personnel on 11 July 1978. The spc’ c’ if i c

samp ling loca tions wer e:
a. Wild Rice River at Twin Valley Cage’ (Sample No. 1),

b. Wild Rice River inflow to Lower Rice’ Lake (Sampl e No. 2’).

c. Wild Rice River near Faith , Minnesota (upper end of the
proposed conservation pool) (Sample No. 3).

d. Dayton Hollow Reservoir depth integrated sample at mldpool
(Sample No. 4).

e. Ottertail River inflow to Dayton Hollow Reservoir
(Sample No. 5).

51. The sampling locations on the Wild Rice’ River are’ shown in

Figure 2. Dayton Hollow Reservoir is located near Fergus Falls ,

Minnesota (Figure 1). Dayton Hollow Reservoir was selected as a

19 
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(rat Ions ~0. i)SS and 0. Onil mg / c ’ )  we ’re’ wi t  hin the’ t’at igc ’ cii c ’ c ’t te’ e’ti t rat lc ’tls

20

--



t,___ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~~~~ ~~~~~~~~~~~~~~~~~~~

~ 

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -

reported in Table 1 but greater thian the mean concentration . TSIN con-

centrations (1.47 and 1.48 mg/i) were two t imes larger thaut the maximum

TSIN concentration reported in Table 1. These two samples were

pred icted to be pltosphorus limited based on both N/P r a t i o s  and bio-

assay results.

56. The water sample taken in April from the Wild Rice’ River in-

flow to Lower Rice Lake was totally different. Concentrations of ortho—

phosphate (0.025 mgR) were much lower. Because thtis sampling site was

located in the upper watershed , the low concentrations probably reflect

the nutr ient—trapp ing characteristics of the many lakes and swamps in

th e area. The N/P ratio of 8.6 indicated possible nitrogen limitation.

The bioassay indicated the sample was only partiall y limited by nitrogen.

57. DurIng April , concentrations of P0
4
—P and TSIN in Dayton

Hollow Reservoir and in the Ottertail River inflow to Dayton Hollow

Reservoir were similar but less than those measured in the Wild Rice

R iver. The N/P ratios for the reservoir and river were 22 and 19,

respec tivel y ,  indica t ing phosphorus limitation. Both nitrogen and

phosphorus were found to be limiting in the bioassay .
58. The water samples taken in the Wild Rice River in July were

less fertile than those taken In April. At Twin Valley, P04 — P was 0.016

mg/c and appeared to be less than adequate for growth . TSIN concentra-

tions ranged from 0.078 mg/t at the Lower Rice Lake inflow to 0.155 mg/c

at Faith. These concentrations were one order of magnitude less than

those measured in April and resulted in N/P ratIos less titan S (i.e.,

nitrogen limitation) . Bioassays confirmed that the sample taken from

the inflow to Lower Rice River Lake was nitrogen limited . The bioassays

were inconclusive for the samples collec ted at Tw in Valley and Faith
since both nit rogen and phosphorus spikes were required for growth.

— 59. The July nutrient concentrations in Dayton Hollow Reservoir

and its inflow were higher than those measured in the Wild Rice River .

Rain over the Ottertail River basin during the preceding week probably

accoun ted for the h’iigher concentrations . The higher concentrations in

Dayton Hollow Reservoir compared to its inflow probably resulted from
the peak stornuf low loadings to the reservoir having already passed by
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the sampling site on the’ riv e r. Both of these samples were predicted

t o  be nitrogen limited based on both N/P ratios and bioassay results.

60. In suuunary, the chemical analyses and bioassavs from Dayton

Hollow Reservoir indicated that conditions in the reservoir and river

were similar. Therefore , conditiou ts in proposed Twin Va lle’v Lake may

be similar to those found in the Wild Rice River. The bioassays from

the Wild Rice River indicated that either phosphorus or nitrogen could

be limiting and , a t t imes , another cons t i tuen t  suchi as carbon may limit

growthi . The probabi l i ty is hi ight~’r , luowc’ ve’r , t hat phosphorus may he
limiting in proposed Twin Val ley Lake since some phiosp htorus may co—

precipitate out of t he  water  column wi th  CaCO
3 

and because many blue—

green algac have the ability to fix nitrogen. The bioassays also indi-

cated th at the nutrients were in ii  completel y available form and that

the waters of the Wild Rice River were re1ative1~’ infertile .

61. It is important to realize thiat the algal bioassays reflect

only the conditions occurring in the lacustrine or riverine sy s te m a t

that instant. The limiting factor  may change through t ime to some other

constituent such as carbon or light. Light is limiting in many reser-

voirs , fo r  example , due to the htight suspended sediment loads and resus-

pension of deposited sediments due to increased wind velocities. In

addition, the algal bioassays reflect the requirements of a sing le

phy toplankton species. Since phytoplankton species do not exist  as

isolated entities but as competitive , interacting members of an assem-

blage in a natural sys tem, care must be exercised in extrapolating th e

results to the prototype system. The purpose of thie bioassays was not

to prov ide an absolute , t ime—invariate answer concernin g limi t ing
factors , bu t rather to provide insight into those factors that may limit

ph ytoplankton growth during different seasons and the relative magnitude

of this limitation .
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PART V:  MATHEMATICAL SIMULATIONS

62. A research version of the Water Quality for River—Reservoir

Systems (WQRRS) reservoir model was used in this study. The model was

originally modified for the Hydrologic Engineer ing Center , Davis ,
California , by Water Resources Engineers (WRE), Walnut Creek , California .
This model has been applied to a variety of Corps of Engineers (CE)

project studies in the past (Thornton et al. 1976; Thornton et al. U
1977a; Hall et al. 1977; Ford et al. 1977; Ford et al. 1978; and

others). Since the 1977 documentation of the WQRRS model (Hydrologic

Engineering Center 1977), several significant modifications have been

incorporated into the model by the Environmental Laboratory at WES. A

partial listing of these is presented in Table 4. These modifications

were made to produce more realistic simulations of reservoir ecosystems .

Before results of the model s imulations made for Twin Valley Lake are
discussed , it is important to examine and understand the major assump-

tions and limitations of the WQRRS model since these play an important

role in the interpretation process.

Major Assumptions and Limitations of the WQRRS Model

63. The maj or assumptions and limitations of the WQRRS model are

as follows :
a. A reservoir can be represented by a vertical series of

one—dimensional horizontal slices. This implies that only
the vertical dimension is retained during computation.
Each horizontal layer is assumed to be completely homo-
geneous. Therefore, all isotherms and all isopleths of
water quality constituents such as DO, nutrients , and
algae or other biota are parallel to the water surface
both laterally and longitudinally. In addition , all inflow
and outflow quantities and concentrations are instan-
taneously dispersed and homogeneously mixed throughout
each horizontal layer from the headwaters of the impound-
ment to the dam. It is not possible, therefore , to look
at longitudinal variations in constituents such as coil—
forms or phytop lankton .
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b. [ i t  ~ c’tt e - ra l~ t h t ’ v e - r t  ~c’ill dimensions art’ sp e - ei t I ‘d I or lit’
clt’t ’ j i t’at  ~iou - t Ion of  t he reservo iL, mid t l ie mode ’ ~~ suj t s  _w_ i 1_ i
be’ wtei~;t rciitesentat (ye’ ot conditions In t h i s  a r e a .  Since’
tiil a ,u re-a is usual Iv near tin’ at rue- t tire’ , it Is till I I c’u it
to  ci raw cone- i us Ions on wa te r  qua I it v cond it louts c’xpc’e’ t e’d
(C ) t i t • cc i i  iii e-OV e’S e’mbayuice’uit a , or t he’ he’adwa ter a re-as
S Int l I an 1 v , t h ie’ s pec’ It I cat (on of in It I~i I e ’ond it touts Is for
the’ de’e’pest are- a ot the re ’sc ’ rv t )  i f .

\‘ e’ u’ t i e ’a l  r la, ’e’me nt ot in! tow in~~ w a te r  w ith in  the inuj~ouiiet—
me’nt I de - t  rm ine-et by te’ut~~~rat ure’ only . ‘ hue de-its It v of an
f u l l  ow I a do em tuted I rcuun I t a t e’nt pe ’ ra t une ’  • and It Is p ia t ’e’d
I itt 0 t Ile’ itor I zoui t a 1 zone’ of  comparable’ deuts it v . Con—

r I lieu t i tiu ts tO t ile’ de ’tts i t  y of t hue ’ Ifi flow hi’ stispe’tid ed autd
d i 55k) I ve ’d S O I I  cIa a Cc ’ tiot e’urre’u t t Iv I ite rn 1 tided i t t  t hit’ mode’ I
‘I’hie’~ &’ cont r I hut I oits ma v Ito t be’ a i giu I t lt’autt t u t this st udv
li owe’vc’ r . Iii t lit ’ hueadwa t eis , hot it de’pos it i out anti inf low
m i x i n g  occur .  ‘i’hie’ e f f e c t of each of those- pi ’Ot ’e’sse’s is t o
de-~’ I c ’ , i s c ’ t lie’ ~‘ont r i bet t I out ci t suspended so I Ida to t lie’ dens i t  v
of the hit low , lit addit ion, ca lce i lat  iotis show t hat  ti le’
deuts It  v cont r I but lout o su~~petide’d sol ids conct ’nt rat louis cup
t o 1000 nig/ I~ [~ I e’ sS thua uu the eie’ it a It V c[tautge re-au I t I rig I rom
a 1°C decrease lit Le ’m perat u re  at  25 °C

d. Interna l tU ersioti of thermal e-ne ’~~n d u t i a s s  is ac e-o n—
p1ia~yd by ~tu~ i_ _c tJy~e’ di i t’u~~ioii ntee ’Iuan isni t lia t ’ombines
the’ el fe ’ ’t ~~~~of  mo lecular d i t f u s  on.~~tuu’ huIent at Icr in~ autd
nt t x iu t ~~ anti t he ’rn ia l convect ion.  The transport is t tw t ’ c’t dir t ’

ass ulme ’ e! t 0 be’ p u’opor t i ona I to  an e ’ I f e’ c t I V t ’ cl i i  I us b i t

Coe’ I I h’ t’uit and a c ’o ncent rat (on grad I et t t . It is I nipou I ant
to  note ’  t hat a It itought tlte’ di i  tus  ion grad lent among I ave u’s
is ba~n’d Ott ( lie’ e ’Ot ic ’ e’n t u , i  t lo ut di i  I e’t ’e’fle’c’s of  t hie- Inch v i  dna I

e’Ojis t I tue-nt a sue-hi as DO or u i i t  ra te , t lie’ e’ I 1ec~ t I ye’ dii- [us i t i ll
c’ tie ’f I Ic lent Is a Iways based on t empe-rat t ire. In many
instait t ’c’s , mass di f Ins Ion coe’ I I Ic j e ’n t  a may uto t be’ e ’qtuiv a—

I e’it t to t hternua 1 d if fius ion Cod ’ I l i e ’ t e n ts

The’ dynamics of each che mical  and bit ’  I o~~It ’a I con~poncmt can
be’ (le’s(’ r lhC’d 1w Coius i’rva t I oii o f Mass and t in’ K i uie t Ic
1’r(n,~jJLIe. The mass of e’ I e-uitont a such as e’,it boii , oxvge ’n
Lif t roget i 

* 
;iutd phiosphiou’u~ I s  accounted I t ’t by cons ici er I ng

t i l e ’ inf lows , ou t  f l ows , and (ute - ruta 1 c’hautge’s in  t lie’ torn ol
t i le ’ C’ le-ifle’nt a . The’ K I net It ’ Pu i uit’ 11i 1 t ’ imp  lie’s that t hue -se’
h i t  e- m l  e’ htangea t i C’ t ’ Ut t brotughi rat e ’ pI’oe-e’sse ’s auc’ii ,l5

upta ke’, decay , reap I rat I oiu • e’ ( e ~

The c’hemtca i  au~d h1oloi~~c a t  r a t e ’ processes oe - t ’ul r itt an

~l C’ feil ) Ic euv I ronme ’ui t . Wit 1 e t h e ’ WQRR S mode ’ I doe’s hay  e ’ some-
simp le’ tie- Intuit a I got It linus that are’ ca .11 eel whien IR) is ,‘e’ I t ’ ,

t he ’ mode ’ I p reel It ’ ( louts ,t i e ’ Ito t t’e’a l i s t  It ’ et ude’ t ’ autox It ’ c it

Sc ’ Ct ’  DO e’oiid i t  I e~i iS. The ’  ine’tle’ I a I got’ i t  linus We’ Cc ’ t i e -V t ’ I c ’pt’d t o
a Inuuul a t e ’  (lie’ ra t e - p rot ’t’sae’s a u t h react iouts Ot ’cttt ’ t’ l ut ~ tineh’i

-
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aerobic conditIons. Thu s limitation results In an ina-
bility to simulate the buildup of a DO debt under
anaerobic coutditIons. Consequently , tu e model may predict
the t iming and rate of DO increases following the end of
anaerobic condi t l outs to be greater than might actual ly
occur. Also , changes in the soluhi litv attd formation of
various chemical s pec ies and interact iens between sediment
and wa ter under anaerob ic e’ondit lou ts cannot be simulated .

~~~ . The model does not conta in  an ice cover al&or ithm. Since
conditions under an ice cover cannot lie simulated , model
predictions are limited to i c e — f r e t ’  per iods ,

Se’ le’ct iott of Study \‘oa rs

64. Th ree’ years representing dry , wet , and av erage condi t ions were

se’lecte’d to simulate t h e effe’cts of hydrometeorological conditions on

project water qua l i ty .  Based on 55 years of record (1910—1917 , 1931-

1977) at the Twin Va l ley  gage , the’ dry, wet  , and average s tudy  years

we’re se lec ted  to be 1976, 1975 . and 1971 , respect ive- li,’ .
(uS . The se lec t  ion cr i ter ia  Included :

a. \‘cnrs w i t hi water  qtual i tv  data ( 19 7 5 — 7 7 )  were considered
I’irst.

b. II i t  was impossible to se lect  a ~‘car whtere water quaIl t i
data e’xlsted , then a y e -ar  was selected as C lose as poss ible
to (lie’ years where data ex is ted,

C . (t i l ls  Ide - ra t  ion was given to the d ist  i’ihut ion of meaut
mont hly [lows for the- period of open water (March throcughi
November) as well as to th e ranking of the’ me’an annual
flow s.

el . Thie’ we’ t year was selected to represeuit coutd it i tuna one’
at andard dcvi at ion above’ mean couid it I tilts.

e.  The dry ve’a r was selcc ted tcu rcpreae’iit coutd I t ions tune
standard deviatbout below mean coutditlons.

66. The meaut annua l flow at Twin V.il le’y for t u e  per iod euf re’ e’omd

was 5 m 1
/sec with a standard deviation of 2.8 m

3
/s ec ’ . l ’ hue ref e rc . t he’

wet  ye-ar should have a me-au anutua l f low of 7.8 m3/sec and t he ’  dry ye-ar

ahiould be’ 2 .2  m 3 / sec .  The mean annua l fl ows for the study \‘e’ars , I 976 ,

1975 , and 1971 , were 3.1 , 10.4, and 5.4 m 3/sec , respectivel y . The

second w e t t e s t  ye-ar on recor d was 1975 , whi t h e ’  1976 ranked In t h e ’ lowe’r

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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ltalf of  the dry years. With the excep t ion o f 1958 , t he d r i er i’c ’a r a

with u ranking in the 25th perceittile or below occurred prior t t i  1940. h I

wou ld be Impossible to Include any of t he s e  ~‘ears in t h u s study , Si flct’

e’urr en t land—use pract ices in the watershed a f f e c t  ing wate’ r qua l It \‘ do

not ref lect pre—1940 conditions.

6 7. T he mean monthly f lows for t h e ’  study years were compared w i t  It

t he mean monthly f lows for the period of record but Figure 23. l’hie me-ait

nue,nt hulv f lows for 1971 were near the long—term mean for Mare-hi , Apr i l, and

September (Figure’ 2 3a) . Th ey were he’Iow average for the’ pe’ r iod May— ,lul v

and abeive’ ave’rage- In Ot ’ t ohe’r. Thue’ Apr il t hurough July nie’an mottt hli’ f 1 ows

t or 197 S exce’ede’d the loutg—term mean plus ouie standard dcv i at I cul t . On hi ’

in t he monthus of March , September , and October did the’ meaui motit lily

flows fall he-low the long—te’rm mean (FIgure 231)). in 1976 , t he ’ meaut

monthly flows cou ld be cons Ide-red representat ive of dry couid It I tins w i  (ii

t ite except  ion of  the per [cud c it spring runof I (Mare’h through Apr 11)

where ’ (lie’ f lows were tie-ar or above norma l (Figure 23e’l

68. Cons Ide r i n g  cr1 te r I a a and b above and (lie Inc t t hat mean cou u—

ch it Ions are -  seldom re’a l I zed wh en den I iuig with nat urn! phte’noine’na , 1 971 
*

1975 , attd 1976 were e’ t i l ts Ide-red re ’pre’senta t I ye- of average , we’t and dry

condit Ions, respect ive ly.

1)a (a Re’q~ilremcnts

69. Data re’qulre’me’nts for the eco log ic’a l mode’! can he catege iri ;e ’d

lutto Initi a l conditions , e’oefficicnts , and update’s.

initia l ciinellt ions

70. In i t ia l  condit louts re’ f e’r to those that e x i s t  lit a lake at the

t ime the’ a Imu I at I tins arc ’ s tar ted . I den 11 v 
* 

i t  won Id be dc’s I mali Ic’ t ti

a imulate an ent i re ye-ar .  Thu Is was imposs Il-il e , however , ht’e’auise’ (lie’

model could not s imulate the’ of f ce’ts of ice and snow cover (p;iragu’apli

63). The’ s imulatIons , t liert’fe re , were’ s tar ted at (lie’ t i m e of te ’e’ brea k—

up. At this t Ime’ , spec if I cat  I on of In! t I a I couid It I otis was a lmpl ill eel

he-cause t lie lake’ co il Id be assume-el to he I sot cop Ic (we’ll nil x ed ) due ’ to

spr Ing t eurntivt’ r

26
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71. L i t t le  inforntat Ion on the’ time ’ of Ice breakup was found for

lakes itt the’ v i cIn i ty  ol proposed Twin VaIte ’v Lake . (kite’s of ice out

we’re available from Ford (19Th) for natural lakes located in the

Minneapolis—St. Paul metropolitan area . The dates for the’ study \ ‘ears

1971 , 1975 , and 1976 , were ’ 15 April , 26 Apr i l, and 28 Mare’hi , respec—

t Ivelv . Sluice Minneapol Ia—St. Paul (hi t ttude 43
0
) is sout h of thie

proposed pro ject  (hit Itude 47~ 3
e~ ) , Ice’ out would probably be cxpecte ’d to

occur lat e’r at Twin Va!  icy. Thu s may not necessarily be true’ because,

In genera l, th e’ Ice usually goes out sooner on reservo It’s than natural

lakes due to the large Inflows durit ig the spring thaw .

72. The spring f lood peaked at Twin V a l le”~’ on 10 April 1971 ,

19 Apr I l  1975 , and 28 March 1976. Th ese elates arc w It h in 1 we ek of the’
dates 01 Ice breakup of natura l lakes In Minneapolis—St . Patti . The

temperature of the Wild Rice’ River on 19 Apr Il 1975 was 1°C. Cons ider—

ing thu s temperature , th e heat of fuslout t if wat e r , the large flow s , antI

the genera l c’ond l t ion of the ice dur lug th is t ime of’ year , it Is proh:u—

h he th at the ice- would break up w Ithi th e spring II ctod or sh ort l y there-

at’ t er .

73.  It was there fore assumed that the pe-r foci of Ice -  breakup

coincided withi t h e - peak of the spring flood . Simulat louts were started

on 10 Apr i l 1971 (day 100) , 19 Apr il 1975 (day 109). and 28 March 1976
(day 87) . This assumptIon has the additional advantage of lute- i cud I ng at

least part of thuc spring runoff iui the simulatIons . Since a major

por tion of the loadings to a reservoir stay occur dur ing t h is event , it

is Important to include as muchi of the event as possible.

74. Durlutg the peak of the spring flood , mean residence times In

the proposed impoundment would he 3 te l 4 days. Inf low dens it netr ic
Froude numbers would be greater than one’ Indicating plug flow . Changes

fri t In’ f low regime from river te l  reservoir  would therefor e be negl i g i b le

and cond i t ions wlth iln the proposed reservoir would be’ similar to con-

d it ions in t he r iver .  initi al conditions for the proposed reservoir

were therefore assumed to be sinti m r  to those I ut the W ild RIce Rlveu’ at

t he s tar t  of the s imul ations. Thu Is nssu mp t t on was su bs t ant t a t e d  w I (hi

data take’ n from the Ot te r t a l  I River au-id Day ton hlo l low Reserv o Ir

27

~~~ ~~~~~~~, ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— -~~ ~~~~~~~~~~ ‘



— —~~~~~~~~ ~~,rr’— —~~~~.fl’ * s~~~~~~~zi~~~~~ ‘a-’ a

(paragraph 57) where nutrient concentrations in th e lake and river were’

similar.

75. T h e initial conditions for the 3 stud y years are giv en in

A ppen dix D. Initial temperatures were assumed to equal the average

equi librium temperature for the preceding 10—day period . The DO concen-

t rat ions were assume d to be saturated at t huese temperatures. initial

standing s toc k estimates for the three fisht compartments and for (lie

hentho s and zoop lankton compartments were obtained from Peterson (1976)

and Peterka and Knutson (1970) . Algae concentrations were determined

from data on t he Wild Rice River (USGS 1976 , 1977) and data on sur-

rounding lakes (paragraph 42 ) .  Organic sediment was calculated from the

soil samples used In Appendix B. Initial conditions for all other

constituents were assumed equal to those measured In the Wi ld Rice River

at th e t inue the simulations were started.

Coef f i c ien ts

76. Coeff ic ients required to simulate proposed Twin Val ley  Lake

ranged from t h ose  that are physically definable and well documented in

t he l i terature t o  those that are d i f f icu l t  to measure in either the

laboratory or the field and must be quantif ied , based primari ly on the

experience of t he investigator and calibration runs . Ti-ic coe f f i c ien ts

use d In the base simulations are l isted in Appendix D.

77 . The coef f ic ients thiat determine t h e  hydrot huer ma l regime were

determined by calibrating the model on Lakes Calhoun at-id Tur t le .

Although these two lakes are located a substantial distance from th ue

project , t hey do have surface areas similar to proposed Twin Val ley Lake

and t he mixing and heat budget coef f ic ients  should also he s imi lar .

Di f ferences in macroc l ima t e’ between the two locations are taken into

cons ideration by the meteorological updates. The cal ibrat ion Is dis-

cussed in detail in a later section on therma l sImulations.

78. Since the ecological model has the capability to simulate the

phytoplank ton dynamics wi th only two compar tments , the species of phyto—

plankton listed in Table 5 were aggregated Into two groups . levis

(1977) found strong correlations in net growth rate among abundant

species at intradivisional levels. Using this criteria and the fact

that the blue—green algae contributed 75 percent ot th ue’ phvtop la nkton

28
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at and I tug crop (numbers m u  ) , one e’otupat’ t utte-tit t’t’ptc ’seut ( c’d I lit’ c’\ ’aliorhu\’ t e-s

or it h ue-— green at gae’ ( A l CAh 2 . ‘h’hue c’hu h eli’Oph i\’ I c’s and chit ’ V sop htv t t ’~; . ‘t

g re’ euu algae autel cii at onus we u’ e’ aggu ’ e’ga t i’d t 0 ~e- ll u’e-se ’ut t ( hue ’ Al CAF I co rn—

par (me- li t . The’ dl at elms auucl gu- e’ens u’epl’eae’nt ed .‘O atuci 
~ pc ’ re-cut ol t he-

phuyt op lank te t t t  St atiel I ttg c i’op , re’ spe e’ t I ye’ Iv  . ‘l’hut ’ gt e -en a lgae at ud di .uI oms

we ’re’ agg te’ga t e’d a j uice ( hue Ic scasc in: u I phuas I tug wa s a In II at auuel nuauuv ot

the ii- euuv i rotime’nt a I u’equ I re’nuent a we te’ compau’aI’ 1 e . Th e’ p\’ t’ iophtv I e-a we ’r e-

not inc (tided In t in’ aggi- c’gat t outs sluice’ (a ’) t hit’ It at atte l I tug e’u’oh’ ue - pu ’ e - —

se’ui tech out ! v 1 pe’ re-en t o I ( hu e - t o t  a 1 at el t, h’ ’) I i t t  Ic iii t o t’nta t I out e’x 1st ~‘d t o

oh t alit t lie’ vat’ b u s  reqet I re’d u’ :u t e- cot’ f t  i e- I cii t a .ttiel cons t ant a . ‘l’hue II a

01 aPe-c’ It’s cotta tderet l dcii’ I tug c’ontp:ur t me’t it a I I at ion autel t hue ’ s i suet 1.1 t I outs

is shown in  Table’ 5 . Thn’ spec ’ ic’s represent 99 peu ’ce ’uit  ot I hue- at and l u g

crop wit h In their re’spt’c’tIve d iv is ions.

79~ Growt ii , t-e’~ pi u’at Ion • and se- i t I lug i’at es and nit t’oge’n . h’ htos— —

phot’ ets , c’arbon , and I (glut hun I I— s a t  e t rat  lout e’ O ’ l  I I ci  e’ t t t S I 01’ ( hue - t ’c ’itip.i t t  —

menta l asse’nub 1 age-a based o~ ( lie’ spec ’ I e’S l i s t  e’cI iuu hal t he ’ ‘ we - i c  e’ont p II e-~I

from t tic’ l i t  e’ ra (curt ’ (Appendix F ‘I . Thit’se t a t  ‘s aut ci c’Od’ I I Ic ’ I e’ti I a Wi ’l’ i’

w e- I  glut e’d by dots I uuau ice’ (pe l’ c’ c’li 1 ot e’ c)fl tp~t 1’ ( ste-ui t ahtiutt ~Iaui~’ ’  .itie l I hue - tuitut uh’ t ’ t

of occu rreuie’e’s lit t h e  sttri’ ouut d I tug Iuupe’ttuiehlflc’uut a t o  oh t a t  it c-ompos It e t a t  c ’S

for e’achl aggrt’gat I on.

80. Zoop I atukt out and bent htt~ i~ ( u t ’ ‘at ’ht l’ e-ll i’ t ’si ’li t eel lt~’ on 1 v o u t ’
c’ompat’tmcui t in the model . The- compe~s f t  I e’ ti 01 1 lie’ .‘.‘op I atikt oui .uttcl

hc ’n th uos as senub huge’ s In t hit’ siurroettid I ut g tmp ouut clnut’uu t a was obt a I l ie-e l I l’Oll t

Pe’ter ka and Kutnt son (1970) , Ml’CA ( 1Q I ) • Mh’CA I. I 9~O) ’) • atuc l Auidc ’ i ’ se ’ti

(1975) . Coe’ I f i t ’ lent a we ’ re’ sc le’ct eel I rout t h e ’ l it t’ i ’at Ul’ c’ (Appe ’ttd lx F ’h t o

t- e’prese’nt t h ese conupos it ions .

Si . ‘Vltt’ I I sherv cciluipufl’t itic’uit a iii t h e ’ i~oeh’ I ai’ ’ c’apab he o I at  si t u I a I I uig

p1 ankt ivorous , betit lii c— fe ’e’el I tug, and p1St ’ 1 \‘o co t t a I I shea. hl.usi ’d out h u t  i’ l —

mat Ion from Pe’tc ’rsotu I 9i’I’) ott II au ptoe htte ’t ion and cOttipe*s It lout I t t  I hu ’

W I I d Rice’ RI ye’ u’ wa (e rshued , t h e ’ f I shut’ t’ It ’s we - t i ’ ahlpe t u’ t I ot ied among I hue-

t hree- compartments. The’ plankt Ivouo t t s  e’ompni’ t nue’tu t was t’ e’pt ’t ’si’nI e’d by

percen t ag e’s of sh ad , suc ke ’ r , e’rapp he , and beit I ~t I o at an~l tu g  c u o p  ; l’i’nt lute-

fee’ele i’s 1w carp 
* sue ke i’s , aunt I sit , ca t  f t  sit , and ioc k bass ; .‘ iuith i’l Sc ’ I V t ’ I S

ll~’ e’r;ipui Ic, north erti p ike’, e’:t t f t  sh , ye- lI ow l’i’t ’ch , autd aat u~~’ 1 • Cot ’ I —

I c  it ’t u t a 1 or these re’spee- t I ye- c onipa t~ ( tue-ti t a we- t’e oh’ I a I ned I rout I ci dv and
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Jenkins ( 1977) and weig ht e d  to re f lec t  thue fIshier lea conupos it lout Itt e’achu

compartment

82 . Ot her coe f f i c i en ts  such as dee- nv ra tes for IiOh) and Nil , —N , etc .  *4
were taken from Sawyer and McCarty (1967), Ki ttrel l and Furfarl (lQt ~I1 ,

pr evious simulations , and ot hte’r l it erature c i ted  in Appendix F .

tTp da tea

83. Updates refer to model inputs that vary w i t h  time . Th ese’

Include meteorolog ical data , flow data , and icif lowing constituent e’on—

cen t r at  t ons.

84. 1’he meteorological data were obtai tted from thut’ Class A wea t he r

s ta t  ion located at Farget , Nort it Dakota , approximately (tS knu southwest

01 t hue proposed p ro jec t  . Thue 3—hir data for cietud cover , a ir temperature- ,

dew point temperature , barometric pressure , and wind speed were average d

over 24 hr to provide daily updates .

85. DaIly inflows to the reservoir were obtait ied from t he ’  u SGS

gage a t  Twin Val ley . T ue 1971, 1975 , and 1976 dischtarges arc shuown in

Figure 24• The inflows we’ re- routed through t h e -  rt’servet i r by NCS ass tml ng

a maximum re lease- of 70 m3 /sec.  Project operation of the select  ly e ’

wi t  hdrawal St rue ture was selected to nuec’t a natural t empe-rat tire’ obi c’c (lye ’

downstream . This operation is discussed In detail in  a later s ec t  ion on

t hermal simulations.

86. Daily water temperatures wer e’ ava ilable at Twlti Va l  1ev for

days 100— 119 and 1 28—144 in 1975 , 140— 305 Itt 1976 , auid 60— 104 in 1 77 .

Water  temperatures were generated from daily air t emperatures for I~~7l

and for 1975 and 1976 to fill In missing data. The’ generation tec hnIque

assumed that both water and air temperature could he’ d ivided Into a

harmonic component and a resIdual. That is ,

T — T  + T  ( 1’)w wit wr

where T
w 

— water temperature , 
et
c

I — harmonic water temperature,whu
T

wr 
water temp eratu re ’ residua l, ~~

I0

-

~
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Vhi c’ w • u I ci - I ~‘tspe - t a t  ut e u ca I ~hun I w~u a lie-ti a a suutit ’d 1 he I t ’ i . t t e-~I I ~‘ t hit ’
,u i t  t cunp ’ t at  Cli i’ I i ’S I chii:l I h’’ I hue - I o h h ~‘t. ’ I h g  c u ca a on

I’ e,t — al ~,t I + H’ t t  1~ + c l  ~~~~~ • s~l’l~’~ ¼
at  it  at

whit ’ t i ’

I I tu ne- • ~lny a

.i . I’, e- . d — cool I h e - i  i’ll1 a

1” 1 OW -‘ t i ye- i’ ~l u a~’ht nu ~~~~
‘ • tut ‘

Vs t nc~ dat a I I c ’ttl 1 ~ 
‘‘ : i t tch Ii) • (~ ;ci td :1 1 i’.iSI s t h t I . l t i ’s I i t  01 ‘t” c ’ill I ct

e -Ot ’ t  I I c i  ciii a • I itt ’ I ii at  c ’tchi ’I’ ht:ui t ii~ u ii 0 t 01 i ,nt c t  I i’us l’ e ’ u u t  c ut e- t ,- . u a  ,~~~‘
—

t cu ut~ I uui’J I o h’ i’

— •~~~~~ - H. ” ’ ¼ ’CtS (~ t - 0 — ~i~~)l

aut~t (lii ’ I t i’s I o u d, ’ u htau uiu~’n Ic t o t  a It I e-iuih’(’ 1.1 t t i l t ’ t , , iS  It’ i’l u ii I lie-cl 1 0

— ~~ ‘ — i S .  ~‘ ~~~~~~~~~~~ ~ 
— 

~~~. 
- C . ~~~~~. ¼ ’~ i

-\ Still t h h ’ h t ’ I I uu~’nt c ’ c’.t •‘s a u~’ii uu~’~I~’ l W :tS CISe-il t o c ’l’t :11 t u t lie- I o h  1 c ’W i utt~,

(‘ ih i ijt l t ’li I O u  w at ct I onlh’i’ 1:11 ill - i’

I’ ~It  l. ’(’ I (t . t) _ l ’  t, t t  — &t .0.’Sl’ ~~~ I ~~~~~~ ,t l~ ~~~w wit .11’ uI

+ ~ . :Sv ~t —: ‘  — 0.0” low.u I

Viii ’ c ~‘i’ I I I c ion t 01 cli ’ e- rut t tint i t ’ll 1, ~~ was  0. ‘) and t hue- at atud.t id cle ’y i —

at  I ot t w as I .

S . W at i’ u ~icua I it  ~ uh’dnt i~$ I ot t hut ’ at  t lcl ~ vc .it a at e suuutmat I :t’d Iii

Ai’i’eui * l tx 1’ . l’ i’tL i t t ’,; t~~u al k a l t t t i l v . He t i t ’,. Nil N . Sc ’ , N , Ne ’ ,—N , t e - c _~h

o o h I t  i’u’ms • — I’ • VI tS • nut,I ph we ’ti ’ ol’I at hic,l It on It  tui’.ut tnt i’t pc’ 1 at i s ’S

bet Wi ’ i’lt ~l.i 1 .1.  11 t t~~ cl.i 1 :1 e x i s t  ‘d • IS %~,ia I lii ’ c ’~ iS i ’ Iou 1 ‘~ ~h atud aouu,’

______ - -“~~~~~~~~~~~~~~~~~~~ - - ~~~— - -- -—i
~~

— -—--———-----
~
-’- —

~ 
- ~~~
_ i:_ __



_,__ --
~=~~~~~~

-_ ,
~ 

— ‘-;
~- :~~, ~-~~~~~~~~~~ ‘- —

parameters in 1975 , updates were ge-iterated from regress ion equations

based on inf low or assumed equal to  t he’ me’atu value’ gi ve’n iti ‘l’abl c’ I . lii

all 3 years , DO was assumed to  be’ 94 percent satu rat c ’e i  (paragrap h I(~l

88. Based ot t a comparison c t f  data e’~’l le’e’ted by t Ile’ VSCS ( I9~~~,

1977) in thue Wi ld Rice’ River and data co l l ec ted  on sur i’ ounel i tt g lakes , it

was assumed that no Inputs of ALGAE 2 atid zoop lankt on from t he’ t ’ hv e ’r to

t huc reservet ir  would rema itt viable’. Thue s t ream Itiputs b r  tht ’se- vau ’i.il’ Ie ’s
were cons Ide-red to he included in the dt’tr itus updates. A f rac t  ion c t t

t he ALGAE 1 compartment was assumed to renunin viable in th ue re’se’ rvo i r

and was included as a couts t ant update. Thue f rae- t ion t hint was assunue’el

ho t  to he’ viable was included in t h e  det r i tus  update’s.

Thermal_ S intulatiouts

89. The-nsa 1 a imulat iotts were used to on I I brat e- t hut’ mixing anti he-at

t ransfer coe f f i c i en t s  required for the Ce- ct log len 1 mode I a imul at I etna to

eva luate the select lye withdrawal capabi lit ies c t t  t he pro lec ’t w I t h

respect to a downstream t emperature o b ue e - t  ive; auud to dt’t i’rnulne If

proposed Tw in Valley Lake would s t r a t i fy .

Ca libratiout of therma l structure ’

90. The thermal model was cal ibrate-c l  ott tw o uia I ura I lake a 15 v i

Ca lhoun and Turtle) in t h e  Minneapo l is—St. Pat t i met ropol itat  area .

A lthough-i t hese  lakes were located approximately 360 km so tu t hte ’as t o t  thuc ’

proposed proj e’ct , t ltev were sinti m r  In surface area (I . e. 
* 

180 hun and

170 ha versus 218 ha) . Mixing re’sul t lng I’ rc’m e’nc’rgv I nptut a t hurocughi t hue

a Ir—wat e’r interface ( i .e. , wInd and natu ral c’einve’e’t Ie~ttI shictit It1 I huc ’rel ore’
be similar in the three lakes. Natural lakes were used iii the cal i b i ’a—

t ion to eliminat c the mixing result lug from j ul low—outl l o w .  l’huis mix itug

was treated separatel y by the’ model and includ ing i t s  e f f e c t s  Itt the’

calibration onl~’ comp l icated t he  process. Two lakes Wt ’t’ c’ u S e-el t o  eic ’itt c t t i—

s t ra te  t he capabil Its’ of t h e’ mode’ I to s imulate’ bot h deep, at rong lv

s t rat if  ted lakes (Calhoun) and shini low , weakly st ra t  if tech Luke-s (Turt li’ ’t

91. The’ temperature data tise’d to ca l i b r a te’ thuc’ nietde- I We’t ’ e’ obta ined

from Ford (1976). Meteorolog Ica l data came’ f rom t h e ’  (‘lass A s tat  ~e’tt

12
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loca ted at the Minne apolis—St. Paul Intert tation al Airport. The simula-

tions were started with measured temperature profiles on day 113. Thue

calibra tion results are shown in Figures 25 and 26. Thtc model was able

to simulate the onset and destruction of the strouig stra t i f i c a t i o i t  in

Lake Calhoun. Simulated temperatures were wit h in 2°C of measured data

and the thermocline depth also agreed . The simulation of Turtle Lake

exhibited too much stratification in early summer. Fall overturn was

simula ted to occur at the correct time . Sit-ice proposed Twin Va l ley  Lake’
would also be sitallow , predictions of s t ra t i f i ca t ion  should he cout —

serva tive .

Temperature object  ive’

92. As currently planned, thue temperature 01 dowttstr t ’am releases

would be controlled thirough the operation of a mult i level  se l ec t i ve’
w ithdrawal structure. The extent of control woti ld, h owever , depetid on

t hie in—lake temperature structure . In th is study . t he pret ject  was

operate d to maiuttain natural stream temperature.

93. The natural temperature cyc le  was de-termitied by f i t t i n g  a f I rat

order harmonic to the temperature data measured at Twin \‘a l 1ev from

1975 to 1977. The result was

/~~I = 5.82 — 19.57 COS~~~~-~~ t — 0 . 11
,,
)

where T = object ive t empera t ure ,

t = t ime (Julian day) .

The coe f f i c i en t of determination was 0.87. Th is ideali zed t empc’t’.uture’

objec t ive is compar ed wi t h measu red da ta in Figure 2 7 to i l l us t rate  the

degree of sca tter that can he expected .

Selec t ive withdrawal capabilities

94. The selec tive withdrawal capabilities ot ’ t u e Twlt i V a l l e y  pro]—

ec t were evaluated using the thermal compartmeu i t of t he~ eco le tg ie- . i l  mc’eic’l

and selec tive withdrawal routines developed 1w the WES Hydraul ics

Labora tory. Simulations were made te t determine t hte fe ’as lbi l itv  ot sh eet—

ing the downstream temperature o b j e ’ c t l v e - .

95. The selective withdrawal st ructure’ de’scri hted lt~’ R. h~. Bee ’k •it iel

Il
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Associates (1978) was used in the in i t ial simulations. ‘ru e pro posed

st ructure consisted of two water  quality ga t es and two f lood cou t rol

gates.  The spec i f i cs  c if  the withdrawa l ports are’ give-u- i itt thue fol lowing

tabu lation:

Center—Line Minimum Flow Maximum Flow
Elevation CapacIty Capac I tv

Port No. m nus l Size , m m i/sec m3/ sec

1 322.5 1.37 ~‘ 1.83 0.14 7.b4

2 321.2 1.37 “ 1.83 0.14 7 .(~
2 f lood— 317.0 1.37 \ 3.05 1. ’~i2 70.08

gates

Thue structure is sluowti in FIgure 28 to i l lust rate-  ti- ic r e la t i v e  loe-at iot t

of the ports .

96. Simulations were made for the 3 study years te l determine if ti- ic

natural temperature o b j e c t i v e  could be met withi th u s s t ruc ture- .  Ce- n—

sidering the natural sca t te r  i l lustrated in Figure 27 , t u e  downstream

object ive was met in all 3 years (FIgure 29) .  The port operat touts

required to meet t h e  ob ject ive are shown in Figure 30. Except fo r

per iods of flood control operations , t he re lease’s were mainl y th rough

t he upper port.

97. To determine the sensi t iv i ty  of ti-ic p ro jec t  to meet iutg ti-ic

downstream temperature o b j e c t i v e , surface au d bottom wi thdrawa l were

a lso simulated, it was assumed thiat during surface’ wit itdrawa l all of

t he f low , even thte flood releases , cou ld be passed through t h e  top por t .

It was a lso assumed that during bottom wit hdrawal, t h e  f low could be’
controlled down to  0.14 m3/ se’c. From a pract ical standpoiut t , hothu of

t hese assumptions are unrealistic considering tlue s t ructure’s described

in pa ragraph 95 , hut they do represent two extremes. Figures 31 and 12

shiow that the temperature ob jec t i ve  was met us iutg surface and bottom

withdrawal. Therefore , se lect ive withdrawal is not required to meet the’
downstream temperature objective .

Thermal predic t ions

98. Using the c o e ’ f f ic i c ’t its obtaIned from t h e ’ ca librat Ietn s lm ul.u—

tions and assuming select  R e’ withudrawa l capahil it Ic’s , t h e  t herma l

1,4
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s tructure of proposed Twin Valley Lake was simulated for rIte 3 study

year s .  T he strongest s t ra t i f i ca t ion  was e’xhuibited in 19 71 , lasting from

ear ly  May thr ough the middle of July (Figure 33) .  During this period of

s t ra t i f i ca t ion, mean mont hly f lows in the- Wild Rice River arid wind

spee ds at Fargo were abnormally low while mean tnonthilv air temperature-s

were near or above normal. The more dynamic ve’ars , 1975 and 1976 ,

ex hibited intermittent periods of weak s t r a t i f i ca t i on  (FIgures 34 and

35) .  Typically, t hese remained from S to 20 days. Abnormally itigh f lows

in 1975 and abnormally high-i winds in 1976 were responsible for keep iutg

the lake well mixed. In all three years the lake remained wel l  mixed

after it achieved maximum therma l energy content and started to cool.

This  usually occurred in late July or early August.

99. Zones of inflow and outflow for the stud y ~‘ears are shown in

Figures 36—38. In 1971 , the inflow was distributed throughout the’

water column except during periods of stratification wh ere’ it cuttc’red

the metallmnlon. The outflow was restricted to surface’ waters during

periods of stratification. In 1975, excep t fo r  isola ted pocke ts , the-

inflows were distributed throughout and the outflows were pulled from

the entire water column (Figure 37). In 1976 , the’ inflows at-id outflows

were generally restricted to the surface waters.

Water Quality Simulations

100. DeterminIstic and stochastic water quality simulations were

made of proposed Twin Valley Lake to predict its water qualit~’ and

trophic status and determine its sensitivity to various coefficients attd

update parameters. Aithought 21 water quality variables were simulated ,

onl y tempera ture , DO , al gae , and fe-cal coliform s are of primary interest

and will be discussed . The remain ing var iables will be used to  c’xp laiut

varia tions in these parameters. The simulation re -suits will he’ dls—

cussed according to deterministic simulations , Monte Carlo (stocht a sti o ’t

simula t ions , and managemen t alternatives.

De terministic simulations

101. De terministic simulations were made of tu e 3 study years to

35
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calibr ate- the model and to check cocf1i~~ient se n s i t i v i ty  be- fo re -  the-

Monte Carlo simulations were conducted. After several sensitivit y runs ,

ft was determin~’d that the initial coefficients were acceptable and no

ca libration was necessary. Thtese coe f f i c ien ts  are summarized in

App endix D.

102. 1971. SIx algae blooms were predicted to occur in 1971

(F igu re 39).  The first bloom , ALGAE 1, started soon after the simula-

tion was initiated and persisted for approximatel y 40 days , attaining a

maximum concentration of approximately 2 g/m
3
. Nitrogen was predicted

to be limiting through most of the bloom. A small ALGAE 2 bloom immed i-

ately followed the ALGAE 1 bloom, its magnitude was limited by the-

first bloom . Three large ALGAE 2 blooms dominated the summer. The

blooms persisted for periods of 15 to 25 days and attained concentra-

tions up to 9 gin
3
. Although the first bloom w ’ initially limited by

ph osphorus , carbon limitation dominated through most of the- summer. A

small ALGAE 1 bloom (ca 1 gJm3) was predicted to occur in the fall.

103. Dl) was principall y con trolled by algal blooms and thermal

stratification. Generally, the DO in the surface waters responded

inversely to temperature (Figure 40). DO maxima (ca 130 to 140 percent

satura t ion) occ urred dur ing phy top lankton blooms (e.g., days 188 and
224) and minima (ca 55 to 60 percent saturation) occurred after the
bloom (e.g. ,  days 209 and 239) . Three distinct periods of anoxia (DO

‘~ 2 mg/ 9.) were predicted to occur in 1971 (Figure 41). These periods

varied in length from 10 to 85 days and included up to 15 percent of thue

lak e volume . After the lake stratified , anaerobic cond it ions developed
in 5 to 10 days. DO was predicted to return to the bottom waters im-

media tely at turnover.

104 . 1975. In the wet year , the first bloom of ALGAE 1 was de-

lay ed until the river flow dropped below 30 m
3
/sec (Figure 42). A t the

t ime the bloom started , the theore t ical hydra ulic residence time of the

lake was 7 or 8 days and carbon and ligh t were predict ed to be limiting

algal grow th. The magnitude of the first bloom was 4 g/m
3 

and i t per-

sis ted for approximatel y 50 days. A second bloom of ALGAE 1 started

immedia tely after the first bloom subsided but it was overtaken by an

36
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ALGAE 2 bloom. ALGAE 2 had tlue competitive advantage - because nitrogen

was predi cted t o  be limiting. The magnitude of thue ALGAE 2 bloom was

7 g/m
3 

and it persisted about 25 days. Carbon and nitrogen were pre-

dic ted to be limiting during this bloom. The bloom declined rapidly

wi t hu inc reased zoop lank ton grazing. During thue second ALGAE 2 bloom

carb on was predicted to limit algal gr owth-i. Small blooms of ALGAE 1 and

ALGAE 2 occurr ed in the fall.

105. A s in 1971 , th e 1)0 of thte surface waters responded to phuyt o—

p lankton blooms and the bottom 2 or 3 m went anoxic when the lake

st ra t i f i ed (Figure  43) . Although thue lake was predic ted to tu rn over
several tim es dur ing  the spring and ea r ly  summe r , anaerob i c conditiot u s

may persist from day 130 to day 230. A few days of mixing may not be

sufficient to overcome the oxygen debt that has built up.

106. 1976. Four major algae blooms were predicted to occur in the

dry year (Figure 44). The first bloom of ALGAE 1 began on day 101 when

t he river flow dropped below 20 m3/sec. Ph uosphuorus was predicted to be

limiting during most of t itis bloom. A small bloom of ALGAE 1 and ALGAE

2 followed. Zooplankton grazing regulated t he  s ize of this bloom and

contr ibuted to the decline of ALGAE 1. A major bloom of ALGAE 1 was

predicted to occur in late July. Thue bloouuu persisted for about 2 weeks

and had a magnitude of 6.7 g/m 3. This bloom was followed by a large

ALGAE 2 bloom whuic hu had  a magnitude of over 10 g/m 3 . Carboti was pre-

dicted to be limiting during this last bloom.

107. DO was similar to 1971 and 1975. Two nuajor periods of anoxia

were pred icted (Figure 45). It Is probabl e ’, Iu owcver , t hat anaerobic

conditions may ex te nd f r om day 115 to day 205. As in the othuer two

years , it took 5 to 10 days after stratification for anoxia to set in.

108. Fe-cal coliforms . Coliforms were found not to he a problem In

any o f the study years. All predictions remained below t h e st andard o f
200 colonies/tOO ml.

Monte Car lo simulations

109. Thtere wer e insuff icient data for mu accurate deilnit  ion of

requ i red coef f ic ients  and updates for th u s stud y.  Many eli t he’ (‘ (1C1

f t c tent s also vary wit h time in a manner t h at is currently beyond

‘17
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t ’ i t t  t o p hi Ic ’ In :itt ot hot pau l . The I ne ’ I us I u ’ii ot coo l  I Ic lent ii I t  . ‘m t hui ~si

‘S 
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lak es would te nd t o skew the d 1st r ibu t Ion to t he’ I o tt . Anothe~ i re~aso tu

for t he sharp decl ine at large cone’e’nt rat Ions coct Id be that atuot lieu’
nutrient is l imiting.

11$ . Th e -  s c a t t e r  p lots of thi’ update’ s w i t h i  I l u w  (Figure’s 7— 15 )  In—

d ica te d ve ry little , i f  any , re (a t  b osh I p w i t  h f low . tipda t c’s ot ALGAE

1 , alkalini ty, BOl), ammoni urn , nit ra te , fe - ca l Ot t ! i t  oruis • de’t r It us , anti

phosp horus were th erefore assunued to be’ uniformly dl st r ibut od. Sevet ’a l

planktontc d iatouu genera we - re m u  i cat  e’d itv the USGS tc t be’ It re ’se-nt Iii t he

W ild Rice River. Assu mirug a 1 litera l ca se ’, the -se’ diatoms we-ri’ couuside’reel

to be 100 percent viable when cu ter ing t he ’  proposed Twi ii Va i l  ‘v lake :iuiel

capab le of couutr ibut ing to ( hue’ Al GAE I assemblage . ‘Flue’ ge’itd’r~i ol hi ue—

green alga~’ f ouuid in the Wi ld  RI cc’ River we ’re not inehicat ed I tu at iv ot

t he surrounding lakes and we’re’ , t hit’ t c ’ I ore , ( i t t ’ I tided In t i te ’ de’ I i’ i t  t is

updates.  Some pa rameters , suc h as mass t’rac t i otis :ttid st oh chi t onue’ t r h o

relat I onsh ips , wer e always lit’ Id e’onst at -i t to  prevent mass m b a  1 alice’s I t’eliti

occurr ing. The coc f f ic lent s and upelat C’s that we-re var I e-et are’ senutma r I :‘t ’~l

in Table 6.

114. The- cot’ t I lt ’ lent s and upela t t’ val tie’ s Were ’ se’ 1 oct e-tl ,t t  raiuctct tn

from the distributions during each t lut e step. One loop in  t ile ’ slntu l:i—

t ions consisted of s imu I at ing thue Interv:i I from Ice—out ot’ I sot iue’ rtis, I

cond i t ions in the spring to t tue [ c c ’ format (du n pert od iii t h e ’ 1 : 11 1  . The’

inI tial conch It ions were reset anti anot h te’r loop t lurouglu t he’ sI iuuu I at ion

In terval was made , aga i t select ing tlue ctief tic tents at rauieloni . A t o t  :0

of 30 loops we-re made for eaclt simulatIon condit lout l is t  eel be’ l ow .

115. Base condition. T he base’ cond I t I otu has prt ’v te nts Iv been
— described in t he descr i~, t ton of the t hernia l s Imu Ia t lotus • It consIst  e’d

of using rite se-lee t I ye’ w i t lidrawa 1 structure’ proposed for ‘I’w I tu \‘a Ii e’v

Lake and the operat ionlul schcelui e provide-el his t he’ St . Paul 1)1st r Ic ’ I

116. During 1971 , th ue average’ year , anoxi C t i t ’  I OW Pt) cci t t , ]  It  I t i lls

developed in the bottom on three occasions (FIg u re’ 48) . Thue’ hypol Irntilon

was anoxic for en 10 days from 10 Mliv t o  ‘20 May , ca 27 clays t’ rom I .lui uc ’

to  30 June , and less t han or equa l t o  2 mg/ ~ Ior  e’a 14 days I rout

7 August to 21 August. Th ese per ioels cet rre-spoticle’eI to per i ct e hs o I weak

therma l s t ra t I f i c a t i on .
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117 .  l’ht ’rt ’ was a per lt id ol I t ut ’t ’ ease ’el Al GA E 1 it i onuass I u’orn ca i~ May

o 2.’ l’iav (F I go t t ’ ~‘49’4 . The max (mum mean I~i tiutsuss at t :11 t ie-tI chtt r I ttg I h I

i tuc rc ’:ise’ was . ~ g/ut (T 5 tug a e’t ’uuvers ion fac t  ill f t ’ r  phuv’ top i atik tout of

0. 1 I g fun ~I t v  we I ght t t o 1 ~ig / ~ ot c ’hi I iil’ itj i i )\ ’ I I a (Spatug It ’ t ’ I %9 1, t h u Is

corresponded to  a e’hle ’roph~’l 1 a value’ ol 7 .7  pgl~ . A minor ine’rt’asc’ In

hietmass oe’e’ci rree h :uroutttcl Ii Septe- rnbe’r c’qiiI~’:u It’u( to  a chlorophtvl I a c’otl—

c’efl t rat ion t i I •~ . 1 itg / ~ • ‘l’hue’ Al ,GAE I e’ompa i t  mt ’tu I , t’e~’ l’esc ’tu 1 1 hg  I he ’ b I ue—

gt ’ e’ t ’ tt  a lgae- • to e’ l’eased around 8 1 tim’ :ttu d re-ma t tued tue-ar ot above’ 1 .8 mg/ ~
tint (1 :ipprciximat c Iv 1 7 tl~’ ( oh t’r (F I gut’t’ 50’t . 81 ue ’—g tec ’ut a 1 gac ’ Iuavt’

approxiunat e ly t w ic e  t h e ’  mass pet ’ unit ot ehloi’ophv II a as other phvt t i-

p1 atukt on spe’c los (Ka III and Knoce’he’ 1 1978) si’ Oils e’or respttneh t’tl Ii i a

t ’hi I orop hv 11 a vat  cu e- of c’a 1. 8 ~t g /  ~ . There- was :1 peti t ;imt ’ela I I tie’ rease ’ In

t h e ’ AI,(.AF I asse’mb I age’ ehur I tug (li i S t ie- rIdtd w i t  hi a me-an unix Iuuiut e’h I orophuv 11

a cone’ent rat Ion t ’f 8.8 iLg/~
118. Anoxic cc’ndit ions we’re more pu ’e’va lc tut d t tr lt ug 197 ’, ti lt’ wet

~‘e.l t (F I gore’ SI ‘I . Di SSt i I \‘Otl Ox~’gi’tl cotuct’ri t rat I tins wt ’rt ’ I ess t itan .‘ tug / ~
or ;el’c’ for 14 e1;uv~ I rom II Nay’ tti 75 Flay, 10 days ft ’ om 10 May t o  9

June-, ii iI,tv’s from 17 Jutue to  18 June’ , 14 days lu-out I .iulx’ to 17 .liu I v .

and S eh :tv ’ s from .‘8 Jut Iv to S Actgust

Ii Q . Thut’ phvt tip I ankt on hi omass w as a I so grt’a Icr  dur I tug I ‘175 1 itati

1 971 . T u e  Al CA F I as se-mb I :igi’ exit lb I ted itic i-eases I~rout ca •‘() May’ ~tut II

1 7 ,l tine aneh 17 ,1 iii v ut t i t  I 1 8 Au gtis t (F’ I gore 521 . TIuc’ nuc’au-i max I mum lilt i—

mass thur hug these’ pet’ I Otis was 4.8 antI .‘ . S glut 1, rt’sh’e’c t I Vt’ 1 v . l’iu Is was

e’qu I va I c’ tu t to cli I ot’ophuv It a c’tmc’ent rat I oius ot  70. ° :tnd 10. 7 ~:g/ ~
t’s ’spt ’c t lye’ Iv , The I ne’re’:Ise’ i t t  htot Ii t hu i ’ Al GAF 1 aiud Al GAl”- .‘ nuass

ot ’cu u u’ t ’d lat  ct  In 1975 t itan In 1971. The Increase In Al -CAl- ’ I blttnu:tss

w as gr e-a Ic ’ r ;itid no te’ di t (ti c I cliii ’ I ng I 9 7 5 t haui 1971 (Fl gul t ’ t ’ 5 11 . l’Iic’

I I rst I lie’ u’i’aso (it hI otu;iss oct -ui -r eel I rout app mix I ma I t ’ lv 1 7 ,iu lv t o  .‘.‘

Actgus t w it lIt’ I hue se’t’onel Inc tease oc e’utr t’e’tI I tom 7 Sept e’tuuh ie ’ r (c i “4 Oct e’bt’ i~
‘I’lie mean pt’llk hi omass • :utud eqii I Va 1 cut I oh 1 til’oititV 11 a t ’OtlCi ’li I rat I ens l t ’ t ’

t hie ’s t ’ t w o  pi’ r I ti tiS Wi ’ t o (i. 9 lund 9 . .‘ gim 
I 

ansI iS atud .‘O iigf ~ • l’e$pt’ e’ I I \ t ~ l v .

1 .‘O. Thict’e W e- r e ’  two ;iltc’X Ii’ port Otis thou’ I tug l iii ’ t i l e ’  v’ i’au • I ‘) 7t ’

(F I gore ‘i - ’41 . DI sne I v- i’d oxvge lu was It’s:; t hia t i .‘ mg/ ~ or .— t’t’o I ot ~‘ S day’ :;

f rom 2 1 ~‘I.iv (ii I” .ltt ni ’ :inul .‘ .‘ t lavs from (i .I~t Iv t,t ’ .‘8 .inI v’

‘sO
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121. The ALGAE 1 assemblage exhibited a trimodal it uc re-ase ’ iti bic’—

mass with successively decreased magnitude (Figure 55) .  The fir s t

increase occurred from ca 12 May to 6 Jutie . A second , sm a l l e r increase

occurred from 25 June to 9 July. Th ere was a very minor Increase around

25 July. The mean maximum bio mass and chlorophyll a equIva lent during

the f i rst  increase was 3 .2 g/m3 and 13.8 pg/f , respect ive ly .  T he ALGAE 2

assemblage had three dist inct increases (Fi gure  56).  These blooms

occurred from ca 25 June to 19 Jul y , 25 Jul y to 26 Augus t , at-id I

September to 15 October. The mean peak bioma ss and equivalent c hul oro —
phyll a concentrations associated wit h these three bloom s were 4 .6 , 6 . 7 ,
5.5 g/m 3 

and 10.0, 14.6 , 12.0 pg/f .

122. The onset of anox ic conditions occurred anywluere- fr om 10 to

21 May during the 3 study years. The first ALGAE I bloom occurred

sometime during 6 to 20 May while the first ALGAE 2 bloom occurred from

8 June to 17 July.
Management alternative s

123. Several alternative operationa l approaches were t’vahuat e ’et in

this study to assess their impact on water qualIty , specifI c- al l y wi t h u

respec t to reducing anoxic conditions and ph ytopl:unkton blooms . Tluese

operat ional approaches included bottom and surface wIthdrawa l , l owe’r and

higher pool eleva tions , de stratif i cat ion , increased mInimum release ’s ,

and decreased maximum releases.

124. Bo ttom and surface- withdrawal. In general , no eil t feret tces

were observed in the water quality of propose’d Twin Valle y l ake’ wIth

bottom , surface , or selective wi t h drawal  during any til t he study’ years

except for the ALGAE 2 blooms during 1975 (FIgures 5 7 — 7 4 ) .  W l t hu bo t to m

withdrawal, t lue magnitude , va r i ance, and duration of the’ blooms duritug

1975 were increased. The mean lie-ak hiomass was 9. 35 and 10. 9 g /ut 3

during the two blooms compared to 6.9 lund 9 .2  g/ut
1 
wit h st’lee’t ive’

withdrawa l, respectivel y. The pe.ik value In the 95 pt’rce’nt c si t u t it1~~ ci’

interval was 16.6 g/m 3 w i th - i bottom w it hi elr aw ;u I ve ’ rs us 1 3 . ’i glut 3 
wIth

selective withdrawal. The hloeim extend ed be’vond the’ t ernu l nat I t ’ll chi t t ’ oI

14 November wi thi bottom w I t  hdrawa I hut was d’omp It ’ t e’d be’ “4 Oct ohe’r w i t  ii

selective withdraw n I . W I thu stir fac’e wit  tudr aw a I , t hit ’ m agnItude’, var  I ~iIic ’ i’

s I
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and duration of the blooms were decreased. The mean peak biomass value’s

for the two blooms were 4.8 and 5.6 glut
3 
wi th surface withdrawal . The

peak biomass value in the 95 percen t confidenc e in te rval was 6.9 g/m 3

compare d with-i 13.5 g/m 3 w it lu select ive withdrawal. Although there was a

minor bloom la te in the f a l l , the major blooms had occurr ed by 28 Sep-

tember with surface withdrawal,

125. Wi th the exception of the ALGAE 2 blooms during 1975 , there

were no significant differences among the withdrawal sciueme-s for the

3 years. However , 1975 was the second wettest ~‘e-ar on record , and ,

therefore , has a lower probabili ty of recurrence. For the above reasons

and the economics associated with a bot tom withdrawal versus selective

wi thdrawal structure , most of the additional simulations were compared

wi th the bottom withdrawal results for the 3 study years.

126. Increased and decreased pool elev ation. The general trend in

changing the pool elevation from 324 m msl durit ig all study years was to

improve the bottom DO concentrations slightly by loweriu g the pool

elevation to 322.5 tue utsi au’id to decrease the DO slightly by r a i s i n g  the

pool elevation to 325.5 m msl (Figures 75—80). The opposite trend

occurred wi th the phytoplankton assemblages. Phytop lankton blooms were

enhanced at the lower pool elevation and diminished at the upper pooi
eleva tion during all years (Figures 81—92). The distinctions among pool

e levations were exaggerated again in the ALGAE 2 blooms during 1975,

The phasing of t hue blooms was s imilar  a t all three pool elevations , hut

at the lower pooi elevation the mean maximum hiom ass was 14.5 g/ut3

while at the upper po ol elevation the mean maximum biouttass was 7.8 g/m
1
.

The mean max kmum biomass at t u e  proposed pool eleva tion was 10.9 g/m
3
.

127. Selective withdrawal was also evaluated at the upper potti

eleva tion for 1975 (Figures 93— 95). The phytoplankton concentrations
were sligh tly less using selective wit ludraw al (6.1 g/m 3 of ALGAE 2

versus 7.8 g/ut
3 

wi th bottom withdrawal), but t u e  anoxic period in the

hypolimnion was ex tended. There were two periods of a t  least 30 day s

of consecutive anoxic conditions before the s t rat if  icat  ion was dis-
rupted and oxygen rem ixed in to the hvp olim iiion .

128. Des tratif icatio ti. The average \ ‘ear , 1971 . was se l ect e d to

, ‘4 )
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investigate the e f fec ts  of dest ratif icat lon on water quality. Destrati—

f ication was simulated by increasing the ef fect ive diffusion coeff icient
until c omplete mixing occurred throughout the year.

129. The bo ttom dissolved oxygen regime in the pooi increased dra-

ma tically (Figure 96). At no t ime durin g the simulation period did t h’ie

dissolved oxygen concentration decrease below 4 mg/f . Thue diss olved

oxygen in the bottom layer was usually equivalent to the surface layer
concentrations (Figure 97).

130. Destratlfication did not alter t h’ue ph asing or magn itude of

the ALGAE 1 blooms but did ef fec t  the phasing of the ALGAE 2 blooms

(Figures 98—99). Destratification resulted in a greater distinction

among blooms with four blooms occurring during the same interval t hat
three blooms occurred in wi thout destratifica tlon. The magnitude of all

the blooms was similar , however.

131. Increased minimum releases. The minim um low flow release was

increased from 0.14 to 0.42 m
3
/sec during 1976. Thi s was the only year

minimum flows were reached. There was no e f f ec t  on t he in—lake water

qual ity with this increased flow (Figures 100—102).

132. Decreased maximum flow. The maximum flow release was reduced

from 70 to 48.1 m
3/sec d ur ing the we t year , 1975. This chuange signif-

icantly altered water quality conditions witluin proposed Twit- i Valley

Lake .
133. Hypolimnetlc DO concentrations were lower for a longer period

of t he year (Figure 103) . Excluding one spike of low DO, t he oxygen
regime increased after 16 August with the h igher maxImum release’. With - i

the decreased release , the oxygen regime does riot significantl y incr ease ’

above 3 mg/f until 13 October.
134. Both phy toplankton assemblages exhibited a significant re-

sponse to the change in releases (Figures 104—105). The mean peak
biomass of ALGAE 1 in thue first bloom increased from 4.6 to 113 ,0 g/ut

3

with decreased flow . Successive ALGAE 1 blooms were comparable utuder

the two releases. The ALGA E 2 blomass also increased dramatica l ly
(Figure 105, note the change in the ordinate scale) . l’hue me-nit peak
ALGAE 2 blomass increased f rom 10.9 to  40.9 g/m

3 
with s,Iee’re’ase’d flow .

4,3
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The phasing of the blooms was similar under the two release schemes .

135. Selective withdrawal was also operated with the lower release
to assess its impact on water quality. The following comparison is
between bottom withdrawal and selective withdrawal operation at the
lower release of 48.1 m3/sec.

136. Selective withdrawal did result in an increase in the DO
regime after 16 August although it was still slightly lower than the DO

— during the higher flow release (Figure 106) .
137. Selective withdrawal also resulted in a reduction in phyto—

plankton blooms . The first ALGAE 1 bloom decreased from a mean maximum

biomass value of 13.0 gun
3 with bottom withdrawal to 9.5 g/m3 with

selective withdrawal (Figure 107) . This was still substantially higher

than 4.6 g/ut3 with the increased release. The mean peak biomass of
ALGAE 2 was reduced to 17.3 g/ut3 with selective withdrawal (Figure 108) .
The comparative values with bottom withdrawal were 40.9 under the de-

creased flow regime versus 10.9 g/ut3 with the increased flow regime.

Discussion

138. Before the mathematical simulation results are discussed, it
is important to realize that ecosystem modeling is as much an art as a
science. No model is capable of predicting absolute values . When
ecological systems are simplified to a few compartments and coefficients,

as is the case with any model , mean coefficients may result in predic-
tions that are off by as much as an order of magnitude from measured
values. A broad range of coefficients is necessary to define all
possible perturbations of the system. Monte Carlo simulations represent
one way to estimate the extent of these perturbations . The Monte
Carlo s imulations also permit an expression of the variability inherent
in the system. Associated with each measurement of a coefficient
or update value is sampling error , experimental error , analytical error ,
and , in many instances , intrinsic variability of the organism. Monte
Carlo s imulations are one way of incorporating this variability. The
results have been stated primarily in terms of the mean values or the
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mean maximum. Associated with each of those mean values is a confidence
interval indicating that there is a range of values that the variable
may have at any given t ime . It is important in the following discussion

and subsequent decisionmaking process to incorporate the magnitude o~
the range and not just the mean value. A ~arge confidence interval
about a mean indicates that many values are possible under varying con-
di tions .

139. Cons ideration must also be given to the model assumptions and

limitations (paragraph 63) ,  the most important one being the one—

dimensional assumption. The predictions are valid only in the deep part

of the pool near the dam , no t in the headwaters , coves , or emhay’nuents.
The predictions are also valid only under aerobic conditions . It may be

possible to predict when the DO goes out , but there is no mechanism in

the model to account for the oxygen debt that builds up under anoxic
cond itions . Lastl y ,  model predic tions represent conditions after the

transients in water quality from the ini t ial f i l l i n g  huave diminished.
This may take 5 years or more.

Thermal simulations

140. The ma thematical simulations indicated that proposed Twin

Valley Lake would in termittently stratif y from May through July.

Periods of stratification extended from 5 to 45 days or more depending

on hydrome teorological conditions. The downstream temperature objective

was met with surface , bottom , and selective withdrawal. A selective
withdrawal structure is not required to meet the natural temperature
objective.
Water quality simulations

141. Dissolved oxygen. The simula tion results indicated anoxic

conditions could occur during intermittent periods of stratif ication.
Considering the organic content of the soil and the watershed land use .

this conclusion is reasonable. The mod el cannot presentl y simula te

anaerobic processes; however , default algorithms are included to modify

rate coefficients and reflect anoxic conditions , but the simulations do

not include an oxygen debt. Since the thermal simulations indicated how
rapidly proposed Twin Va lley may mix , the requirement for additiona l
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oxygen to satisf y the debt may not be a significant factor . It is also

impor tant to recall that the integration interval was 1 day so the

results represent dail y averages. If the oxygen debt were satisfied

wi thin several hours after mixing was initiated , the average daily con-

di tion predicted in the simulations may be representative of the pro-

totype conditions .

142. The intermi t tent  s t rat i f icat ion of the pool may exp lain why
the water quality was similar with the three withdrawal approaches.

Selec tive withdrawal structures offer distinct advantages for regulating

various wa ter quality constituents in systems that strong ly stra t if y

(Fruh and Clay 1973). Bo ttom withdrawal has also been shown to improve

water quality in reservoirs that experience anoxic hypolimnion (Dunst

1974; Moore 1976). These sys tems , however , hav e different morphometric

and hydrodynamic proper ties than proposed Twin Valley Lake . Density

interflow s and underflow s in strongly stratified system s can supply

oxygen to the hypolimnion and reduce the supply of nutrients to the
ep iliinnion (Dunst 1974). In proposed Twin Valley Lake , however , the

inflow zone generally ex tended throughout the water column .

143. Increased DO at the lower pool elevation may be explained by

the decreased residence time in the pool because of the smaller volume .

Al though the loadings per unit volume will be great”r , the decreased

residence time may prevent this material from exerting its ultimate

demand before it passes through the pool. The increased pool elevation
may have decreased the DO because the loadings were retained in the pool
for a longer period and exer ted a greater demand per uni t mass. A

similar si tuation probably occurred with the decreased maximum release.

During 1975 , a major storm event occurred around the end of June . With

the lower release , the loading of organic matter associated with the
storm event was retained in the pool for a longer period of time . The
decay of this material resulted in extended anoxic conditions.

144. Algae. Predicted algal blooms ranged from 0.5 to 40.9 glut3.

For comparative purposes , 0.7 g/ut3 is considered a visible bloom and 1.5

gun3 is considered a nuisance bloom. If the conversion factor developed

by Spangler (1969) is used (i.e., 0.23 g/ut 3 dry weight = 1 pg/ 2.

46 
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chlorophyll a), then the magnitude of the predicted algal blooms in

terms of chlorophyll a would be 2 to 89 pg/2.. Since t he 40.9 g/m3

represents blue—green algae , the chl oroph yll a value is only half tha t

for other phytoplankton spec ies (Kalfi and Knoeche l 1978). This range

of values is similar to the val ues listed for  the NES lakes (Table 2) .

145. Selec tive withdrawal or surface withdrawal , in general , re-

sulted in lower phytoplankton concentrations . Since the pooi was

generall y well mixed , the inflow was distributed throug hu the water

column regardless of the withdrawal scheme. However , because of the

shor t res idence time , selective and surface withdrawal may remove phyto—
plank ton from the euphotic zone by discharging them throughu the outlet

works . Berman and Pollingher (1974) noted that phytoplankton growing in

a eutrophic lake had a doubling time of 8 to 30 days. Since the theereti—

cal hydraul ic res idence time is 20 days , the phytop lankton may not be

able to f ully respond to the nutrient conditions before being removed

from the reservoir. The selective withdrawal operation during the 1975

st orm event may have short—circuited water through the euphotic zone

further reducing the time for phytoplankton to respond to the increased

nutrient loads. The increased phytoplankton concentrations during 1975 ,
however , indicated a response to the nutrient loadings did occur.

146. One factor that has not been incorporated into the ’ simula-

tions is decreased light penetration due to turbidity and suspended

solids. The USGS data indicated suspended solid concentrations of

several hundred milligrams per litre in the stream. During and follow-

ing storm events , these concentrations would be expected to increase and

be transported into the pool. The extent of decreased light penetration
and settling ra te of these par ticles is unknown but it could signifi-

cantly reduce the phytop lankton response to increased nutrients.

147. The phytoplankton algorithms do not consiler silica limi-

tation. Simulating diatom dynamics may , therefor e, Dc in error  1w

omitting silicon uptake. Recently ,  Kaiff and Knoechel (1978’l provided

a relationship between maximum observed diatom blomass and the silicon

concentrations for lakes in which silicon dep letion occurs. Using

this relationship and an average silicon concentration of 4.0 mg /v ,
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the maximum diatom blomass supported by this silicon concentration would

be 21.3 g/ut
3
. Since this concentration of ALC .AE 1 was never attained in

the simulations , silic on limitation may not be an important considera-

t ion in phy toplankton magnitude and succession in proposed Twin Valley
Lake.

148. Dest ratificat lon was simulated by increasing the effective

diffusion coefficient in the model. This is probably comparable to the

input of external mechanical energy to mix the lake. A Carton pump or

other source of mechanical energy used in destratification simply over-

comes the buoyant forces generated from the input of solar energy .

Increasing the effective diffusion coefficient provides a similar energy

input.

149. Fecal coliforms. Simulated fecal coliforms did not exceed

the State standard of 200 colonies/lOO ml. It was only after the inflow

concentrations were increased by a factor of one hundred that the simu-

lations showed violations of State standards. During these periods , the

inflowing counts were approximately 5000/100 ml or one order of magni-

tude larger than the maximum value measured (Table 1). Some violation

of the standards will probably occur in the headwa ters whenever the
inflowing counts are greater than 200 colonies/lOO ml because the in-

flows are no t ins tan tane ously dispersed throughou t the pool as assumed

by the model.
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PART V I: LOADING ANALYSES

150. Cultural eutrophication is generally accepted as an accelera-

tion of the natural eutrophication process due to man’ s act iv i t ies in

the watershed. The activities result in excess nutrient discharges into

surface waters. These nutrient discharges occur from both poin t (e.g.,

sewage and industrial outfalls) and nonpoint (agricultural and urban

runoff) sources in the watershed. One of the earliest studies attemp t-

ing to quan tif y the trophic status of the lentic environments based on

external nutrient loads was conducted by Vollenweider (1968). Since

1968, numerous stud ies have been conduc ted to mod if y and improv e the

nutrient loading concept (Shannon and Brezonik 1972; Dillon 1974, 1975;

Dillon and Rigler 1975; Kirchner and Dillon 1975; Larsen and Mercier

1976; Vollenweider 1975, 1976; Carison 1977; Kaiff and Knoechel 1978).

Nutrient loading models or the loading concept has also been extended to

pred ict water clarity and average chlorophyll concentrations (Carlson

1977; Dillon and Rigler 1974; Vollenweider 1976; Jones and Bachmann

1976) and the probability of developing anoxic conditions (Reckhow

1978).

151. Since the nutrient loading concept is predicated primarily on

the external nutrient load and various morphometric characteristics of

the impoundment rather than measured in—lake quantities , It may be
appl ied for predictions of the trophic status expected to occur in

proposed impoundments. Several of the nutrient loading models , there-

fore , were investigated to project the trophic status in the proposed

Twin Valley Lake .

Assump t ions and Limitations

152. It is important to consider the assumptions of the nutrient

loading models in assessing the troph ic status of  an impoundment before

any defini tive conclusions can be drawn. While the equations are simple

and relatively easy to apply, it should not be inferred that conclusions

concerning the trophic status can be directly and simpl y drawn from
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the results. The relative position of a proposed or existing impound-

men t on a loading plot , spec if ically in the eutrophic zone , does no t

necessarily indicate the magnitude or degree of eutrophication. While

the nu trien t loading concep t is a reasonable approa ch for demarca tion of

the general trophic status , e.g., ol igo troph ic , meso troph ic , or eutro-
phic , there are many, other fac tors tha t a f f e c t the trop hic sta te of a
reservoir such as the zone of withdrawal , stratification , alkalinity ,
cation ratios , and others.

153. Several assumptions have previously been stated by Dillon

(1974):

a. Loading, f l ush ing, and sed imen tation ra tes are assumed to
be in steady state.

b. Stratification or nonuniform mixing is ignored ; the system
is cons idered to be a well—mixed reactor .

c . The concentration of a substance in the outflow is equated
to the mean concentration in the lake.

154. Several corollary assumptions follow :

a. The substance under consideration is limiting .

b. There is a direct relation betwc€n loadings and biomass.

c. A reduction in loadings will result in a concomitant
reduction in indicators of eutrophication .

155. While the applicability and validity of the assumptions will

be discussed later , it is impor tan t to refer to the assumptions during

the subsequent calculations of trophic status for proposed Twin Valley

Lake.

Application of Nutrient Loading Models

156. Water quality samples collected at the Twin Valley Gage on

the Wild Rice River by the USGS from 1975—77 were used to develop re—

gression equations for total phosphorus and nitrogen as a function of

flow . These equations represented one approach for generating annual

nutrien t loads to the proposed project based on daily flow records. Two

equational forms were used to generate annual nutrient loads. The first

equation was simply the product of mean annual flow and mean annual
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~1
nu t  r tent coucent rat I on. ‘LIlt’ seco nd i ’qtia t I ona torn was a power re—

hat I oush I p between nit t r tent mass anti f low . ‘l’ltt’ regress! on equa t Ions I or

phosphorus and u It rogen mass had Cot ’ t t Ic! ent s of deterun i nat ion , R , of

0. 9 ~ , and 0. 75 , rospec t I ye lv . Flows I or t tue t luree s t  udv yea rs (1971 ,
19 7 5 , and I 9Th) were used to generate nutrient 1 o~ids represe ’n t a t  I V &~ of

average , w et  , and d rv years , r e spe c  r i v e t  v . The equal Ions and t lie

generated nutrient loads are  I i st e d  in Table 7. &~r 1 t (cal phosphorus

toads represent lug the t u aius it ion po h u t  s hi’ tween danget- otis and excess I Vt ’

loads were cat en 1 at ed for all t hree st tidy v i’a rs us I tug t he equal Lot us o I

Vo l I euwe ide r (19 lb) . These resti 1 t s are shown lii Tab Ii’ 8. Opt ma I Ni P

rat los of 8 to I ~ : I (Ch I audan I and V I gli 1 1974) we ri’ used t o  cal en 1 at e - - ,

c r III i-a nit rogen I oads correspond I ng to t hi’ er i t  t e a l  phos pito rits 1 t)il(I 5

II aetna I phosp horus loads exceed the’ cr It I ca I phos plio rus loads hit

actual n i t rogen I oath s arc less titan the cr 11 I cal nit rogen loads , nit ro—

gen I ( n i t  at I otu I s I tud I &‘a t i’d . Tab he 8 I iid I i-a Ii’s t (tat act ua I n i t  rogen

loa ds are , I ndei’d , 1 L’ss than c r 11 teal t i lt  rogen I oads

1 S 7 . Wh L i  ~‘ argument s i-an be p ropost’d for In’ cop ri’i- I p i t  a t  Ion of

phosphorus w i t  Ii CaCO and t hi’ add it I on o I ii It rogt ’lu t (troug h pity £ tip La u k  on

n i t  rogi’n I I xa t ion , the I r pian t i l l  cat ion is spet-ti 1 at lvi . \‘a ci oti s

phosphorus loading ana l vscs are I in- I udi’d in Append ix V :i~-~ an at -adern I i•

L’Xi’ ri I Si’ . t inder known pitos phorus I t w i t  a t  t o n  , nit t r lent load i ng model s

prov ide otu lv a ret  a l l  vi’ i’s t (mate of eut roph li-at ion pot en t I a I , not ab—

so I ut i’ p red i ‘- t ions • and seve ra I of t he zlssuiitp t (0115 requ I red t o app I v

many phosp horus I i~ id (tug mode Is art’ at  ready v Io l  at  ed. Vi  rs t • l oadIng

e.i len ha t ions I nil (cat  0 that tu it rogen , not phosphorus , Is t he I ( w i t  I tug
nut r tent • there I ore pliospito rus load (tug mode I s are iu~i t app I I cab hi’ . ‘I’li is

cone lus ion is -o rrobora t ed by I lie NES st tid it’s otu surroutud lug I aki’s
w i  t lii n a 200—km radIus of 1w in Va 11ev . Many of I lit’ b I oassav t i ’S t S

cotudue ted on t hi’se I aki’s Intl I c -a t ed it It  rogen Ii nut t at Ion. Second , t he

sI ead ~‘— St a te asstimp I I on Is known to  be v io l  a t  i’d t ot- l iii ’ proposed (‘w in

Va I l  ey l ake. Tltei’re I (cal ltvd r a n  t ic ri’s I dence t (liii’s v a t v  I corn -~ t o 94 ‘~
days . Nut r lent I oad (tugs to liii ’ proposed lr o  j i’e I at- i’ ito t nit i f  oriti I it rough—

o u t  I lie year .  ‘l iii ru , var it i tis clit’tn l c~t I and Ii lol og it -al reat -t Ions suc h ,is

u-op roe I p ( t a t  ion of phosph oru s or it i t rogen I I x a t ( o t t  ma v not i t ’  out I t  I tu a 
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d i rec t  re lation among loadings and biomass. As evidenced by the current

researc h act ivit  les in the area of loading ca lculat ions (Carlson 1977;

Dillon 1974 , 1975; Dillon and RIgler 1974 , 1975 ; Kirchner and l)illoiu

1975; Larsen and Mere ier 1976; Shannon and Br&’zonIk 1972; Vollenweider

1975 , 1976) , there are many fac tors  such as phosphorus reteilt ion rate ,
hydraulic residence t ime , f lushing rate , has in morphometrv , alkali ni t  v ,

and others that a f feet th e loading, ava il zib iii t v • and uptake of tiul t r I —

cuts in the cut roph teat  Ion process. The loading concept or iginal ly

pr oposed by Vollenweider was not intended to predict absolut e degrees of

eut rophy hut rather to penn i t a relative comparison of loadings to

est imate the potenti al for eutrophicat ion (Vol lenweider 1968)

158. One use of phosphorus loading values that is not dependent on

an assunupt ion of phosphorus limit at ion is the prod j e l l  on of •tnox i c con—

di t ions in a lake. Reckhow (1 978) developed a t’1 ass it I cat ion I tine t ion

based on phosphorus loading, mean depth , and theori’t ica I hydraulic

res iden~-e t ime that perTh i t s  a cat egor i 7at  ion of lakes accord ing to oxie—

anox Ic cond it lotus In the hypo t turn ion. l’lie’ va liii ’ ot t he’ i_ I  ass it ica I ion

funct ion is tha t it permits a i-a lculat ion ot  t lte’ prohahil Its- that

.inox ic cond it ions w i ll  ~‘~-cur . The I tine t ion wj s deve l oped I ron dat a

collected on EPA—NES lakes utur ing 1972. Those dat a Inc ludt’d t lii ’
Minnesota lakes sampled during the NES program. TIue ci ass ill cat ion and

iii 5cr iminant func t lot us used in  the analyst ’s are Ii stt ’d In Table 9. In

getui’ra 1 , the getiutorphol og i cal var j ab ht’~ , mean dept ii and vol umu’ , Ihid

greater discritninat I ng power than the’ loading var table.
159. The &~ lass If i c- at ion atud d isi-r (ml natut I nut’ t I otis we’re used to

generate probab jilt ii’S of anoxi c cond it ions ot-curr lug In proposed ‘l’w iii

Va l l ey  Lake (Table’ 10) . The pr obabil ity of umox Ic conditions develop i tug

in proposed ‘I’w ln  Val 1ev Lake’ ranged from 95 to 99 percent based on t he

loading analyses for t hi’ study vt ’.trs wi lii .i mean oi 97 percen t for ~tl I
years.

160. Three t a c t  ors c haracter 1st Ic of the NES lakes used by Reckhow

(1978) had the following raluge’s:

mean depth ~ 1.0 in

resi dence t ime ’ 0. 25 yr
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1 .0 ‘- rne~m~~~~~ hi ‘ 50.0 rn/yr
residence time

The proposed Twin Val ley Lake luas a mean depth ot 4 . 2  in , hut the res I—

deuce t ime is a I if th u to a tenth of the NES lakes. The quotient , mean

depth/ residence t ime • Is , t herefore , a lso outside the range of t he NES

lakes. It is not known II th ese factors ituf luence the prod let Ion of

anox ic condit ions. Considering the watershed land use , phosp luorus

loadings , and probable’ organic loadings , tlue probab lilt y o t~ at 1 e’as t

some period of zero DO appe’ars reasonable.
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PAR t’ V II: 1)1 SCUSS I ON OF P R E D I C T I ONS ANI) CR1 FEE hA

16 1 . In t he’ st nil ii’s de’sc r I bed In t hue’ pree- i’d lug sect lotus , ii ill e’re’nt

te’chun iq ue’ s were’ used to prod ii • I the’ w ate r  qua l i ty  and t roph I c s ta t  its

of proposed Tw In V a i l  cv Lake . ‘(‘lit’ preel let Ions w i l l  be discussed , con—

pare’d , anti re lated to appropr iate wate r  (]ula l i tv  c r i te r ia  in th is  sect to ut .

Thet-ma 1 s t rat iii cat ion , 1)0, a 1 gae’ atud ntae-rop huytes , t rophi c st at e’ , I eca I

co il forms , rescrvo I r c i earing and I j i ll  tug , and manageme’nt a I te’rnat lvi’s

are di scusse’d

The’rma I St rat II I cat I oiu

162. In t lue’ F I mu I Etuv i ronment ~ I Impact St at e’me’nt (II. S. Army

Eng I ni’er I) is 1 r let , 51 . Pan 1 197 Sa ) , an equal iou du’ve’lopcd hr

R. A. Ragots kie was used to de’t i ’rrnine’ that proposed Twin ~‘al ii’ lake

wou ld the ’ rma I lv St rat i I v .  Thu is e’quat ion is cornpare’d w i t  It dat a - ui 11cc t cii

by Ford 1,19 7 6) in El gure’ 109. Rage t ski e’ ‘ s equat I on pred ict  i’d a shall owe’r

t he u-moe Ii no t itan t he d;i t a stu l l 1 1 i ’ t ~t . Based on Figure’ 109 , a t he’rmoe Ii itt’

dept hi of ove’ r 9 m is r red Ic toil I or proposed Twin Va 11ev l,ake’ . Si tuce

this de pth is near tlue maximum du’pth of the project (I .e., ‘1 S in)

luerma 1 st rat i f i cat iou is tuot expeu’ ted . This cone Ins ion i s a lso sup-

ported by dat a on sur rotund i tug take ’s .  A l l  of the lakes that  we ’ 1 i 5 mu’ rpho—

mu’ t r (ca ll \‘ similar to proposed ‘t’w in V a l l ey  Lake st rat i I led on lv weak lv

If at all . l,ess St ra t ill  C at I urn I s expect ccl In proposed Twitu \‘ al ley I ,ake

because’ the t heoret I cal itvdr.iu I I c re’s I ul euuu - i’ t lint’ is Ii’s s than the st i r—

round lug lakes (pat-agrap hu 11)

163. Basu’d on thte ’ mat huemat it -al imulat l otus , interm it t e’nt st rat i -

f i t ’ .t t ion is e’xpi’c’ t i’d f r o m May t hrough .1 iii v . The’ pe ci oils of st rat I I I —

cat Ion may last up to 45 clays or longer. These pre ulict b u s  are expected

to be conse rva t i ve  (paragraph 91)

164. The slut’ 11 cr I tug e ’ I feet of t he’ suit rotund lug t et - ra I iu i iuo I

expect i’d to be si gtu It I cant . For t hi’ mont hus .lume t huu oughu (let ohie t , the

preva iii tug w Intl di tee t Ion is sou tt i t — soul lucas I . S I net ’ t his ill Feet lout Is

perpend I cutl ar Iii the mal or ax i~ ii I t he I aki’ , t he’ s he  It u’r I tug cI feet
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should be’ thue’ gre’at e’st under t hues.,’ e’ond I t I outs . Base’d on I abora t o ry mud

f ield da ta , t he ’ shuelter ing e’f f t ’ct is approximate ly eight t lutes the ve’r—

t teal re’ lie’ I (Ford 1976) . Ass umi uug t hi’ surround I ng ri’l te l  to  he’ out t hu t ’

order ii I 20 t o  25 m and a t ~‘p lea I let e’li to be 600 itt , t Itu’tt t hi’ slid I e’re’d
area won I d ext end 160 to  200 m b i t t  o t lie 1 ~ke’ . I,e’ss than otue t hu I ret of

t he ’  lake’ sur face ’ at-ca you lit be she It e’red f r om the ’ wI  uud aitd in— lake

mix ing should not be a f f t ’t - t  cii .

165. Proposed l’wl n Va I icy i,ake’ is i’xpct -t e’d t ii be Inte’rm i t I cut lv

s t ra t i f ied thur ing ear lv sunmte’r. No Itvpol mmnion , 1st) lat i’d front the’
epi 1 imnion , wi ll exis t  In t lie c lassical  sense. The’ntta I gr ad I c uts  tuear

the sed imetu t will not preveuut t he’ d lf fu s louu of mate ’ria l into the’ c i i i—

1 imniotu.

DIsso lved (l~yj~en

1 66. ‘i’he N int uesota s t  anit a rd for DO lit proposed 1w in Vail cv lake is

not less than 6 tug! ~ from 1 Apr i l  thu-ough 11 Mar mud not less t Itan S

mg/ i at  other t ime’s (MPCA 197 1) . Th e’ hvpol imn Ion Is cxi - hude ’d . I ’roposed

Twin Valley Lake is not expected to v io la te  t it is  statudard

167. Based on the math emat Ical s hun I at lotus anti Re’ckhuow ’s ci ass it I —

cat ion funct ion, propose d TwIn Va l le Lake is expect e’d t o  go anoxiu-

during periods of st rat if Icat ictu. l)ata from surround I tug, morphonti’t ri —

u-a l ly similar lakes do not support thu is conc luis I urn. Since t best ’ I ~ke’ s

were sampled three’ t Ime’s or I e’ss , per I oils of anox I a con let have been

misse d. Thue mat Itu’ma t I cal s Imu I at Ions and laboratory expc r linen t s I, Ap-

pendix B) predicted it wou ld  take’ 5 to iS days , af te r  st rat  it t e ’ at  ton ,

for anox Ic cond it tons to dcvi’ iop, The durzu t ion of atuox I a w i l l  dt’peud on

hydrotneteoro log I cal cond it Ions and the result lug t hermal st ra III e’a t Ion .

Periods of up to 100 days arc poss ible but not lIke’ 1~~. Anoxta w ill be

limited to the bottom 2 or 3 in of the lake wh ich compu-Ises less t tu~ tu IS

percent o f the lake volume .

168. Once anaerobic cotudit ions have’ developed , Inou- g,uuule e-au- hon ,

atmuon i nun, an d or t huop tueisphat c w i l l  Ltc cumulate’ In t 1w at uox Ic .~ouuc . Aut ~’

per iod of mixing , however sligh t , wi l l releasu’ these mutrlctut s t o  t he

S ‘i
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epilimnion where they will be availab le for algal growth.
169. The laboratory experiments also indicated that sulfide pro-

duction is possible. Assuming th e laboratory experiments can be ex-

trapolated to the field , then It may take as little as 10 to 15 days for

sulf ide to s tar t  to accumulate.

Al gae and Mac ro p l uyt cs

170. The types of algae found in the surroundIng lakes and exp e’ ct-

ed to occur in proposed Twin Valley Lake are summarized In Table S.

Diatoms and green algae are expected to dominate in thue spring and fall

while blue—green algae are expected in the summer. Many of the blue-

green algae in Table 5 will accumulate on the water surface during large
blooms . Since the prevailing wind direction during the summer montlus is

south—southueast , algae would probably accumulate on the north side of

the lake.
171. The algal concentrations found In surrounding Impoundments

ranged from 1 to 130 pg/I. of chlorophyll a (Table 2). This is con-

sistent witit the mathematical model predictions of 2 to 89 pg/ ’~ of

chlorophy ll a for blooms . Chlorophyll a concentrations of the order of

20 to 50 pg/I. are expected in proposed Twin Valley Lake’. larger con-

centrations of algae are expected In the headwater regions and coves .

The mathematical model is not capable of simulating this effect because

of thue one—dimensional assumption.
172. Conditions within the proposed lake are also expected to he

favorable f or macrophyte colonization and growth (Appendix C ) .  On the

basis of light penetration alone and assuming no otluer factors are

limiting, a maximum of approximately 46 percent of the lake’ surface is

potentially colonizable. Al though most of the macrophytes are expected

to occur in the headwaters region, colonization is also probable in the

littoral zones near the recreational areas .

Trophic Sta te

173. The trophic state of an impoundment refers to the degree of
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nutrient enrichment. Lakes are usually classified as oligotrop h lc ,
mesotrophic , or eutrophic in the order of increasing enrIchment . Tlue

problem with this classification is that it Is sublective , and defini-

tions vary from one part of t h e  country to another.
174. The Great Lakes Group (1976) recommended that concentrat ions

of 7 to 8 pg/ I. of chloropluyll a separa te meso t rop hic from eutrop hic

lakes, while the Nat ional Eutrophication Survey ((~akstattcr e’t al. 1975)
recommended 10 pg/ I.. Using these criteria , the modeling predictions and

the data from surrounding impoundments Indicate that proposed Twin

Valley Lake would be eutrophic.
175. Miller et al. (1978) considered waters  contaIni ng 0.015 mg/i

bioavailable phospluorus and 0.165 mg/ I. bioavailablc nItrogen to be
eutrophic. To control cultural eutrophication, EPA (1976) recommended
that ph~ sphorus concentrations should not exceed 0.05 mg/ i in anY stream

entering a reservoir and in—lake concentrations should not exc eed

0,025 mg/I.. Mean phosphorus and TSIN concentrations In the Wild Rice

R iver were 0.057 mg/ I. and 0.11 mg/ i , respe c t lv c1~’ (Table 1). Based on
phosphorus concentrations , proposed Twin Vall ey Lake is expec ted to be

eutrophic.

Fecal Coliforms

176. The Minnesota standard for fecal i’til iforms is 200 Most

Probable Number per 100 ml as a monthly geometric mean (MPCA 1973’L

The EPA recommended cri terion for body contact recreation is 200

colonies/lOO ml based on a logarittumlc mean of a minimum of f i ve  samp les

in 30 days (EPA 1976) . The value of 200 colon ies/ l00 ml w i ll be used

here.
177. The model simulations predicted no problems meeting these

criteria. However , since the model is one—dimensIona l and not able to

simulate longitudinal variations and since some of thue I n f l ow counts

were over 200 colonies/l00 ml (Table 1), It Is expected that pi’ r b o ~i ic

violations may occur in the headwater regions.
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Rc~ ervoir  Cl ear ing mud Fil~~~~~

178. During the f i r s t  6 to 8 years after project filling, a ri’se ’ r—

voir undergoes dynamic biological and chemical changes. Many of these

are d i rec t ly  or indirect ly  associated w i th  decaying organic’ matte r  which

was inundated upon filling. To minimize the itupact of reservoir f i l l ing

on w at e r  quality , laboratory studies, using soil samples front t h e

project  area , were undertaken (Appendix B).

179. The laboratory studies itudicated tluat thue initial oxygen

demand resulting from flooding thue soil could he reduced by clearing the

land of vegetation. Removal of the euutire A horizon would result in a

wore signi ficant decrease.

180. Readily soluble and leachable components could be removed

from the proposed reservoir 1w a series of filling s and flushing prior

to the initi al filling of the reservoir. Assuming an average’ year

(F igure 6) ,  the proposed reservoir could he filled and flushed th ree

times f rom April to June wi th  the final filling occurring during July .

E f f i c i en t  decomposition t i f  organic matter cou ld he promoted by a perluid

of s low incremental filling to keep the rese’rvoi r shallow , thereby

avoiding t hermal s t ra t i f ica t ion .

Mana~~ nue’n t Al t e rnat lves

181, Several alternative operational approaches were evaluated

to assess t heir impact on water qual i ty and pro jec t  purposes . These

approaches included hot torn mud s u r f a c e’ W I thudi-awa 1 • lower and hi igluer pool

e levations, increased minimum and decrease’ d maximum re leases , and
etes t ra tif  icat  ion.

Withdrawal

182. The utatheina t i cal s Imula t ions indicated that proposed 1w itu
Valley Lake cou ld he operated to meet the downstream natural stream

t emperature object ive w ith bottom , sur face,  or s e le c t i ve  w i t hd rawa l .  I n

add it ion , no di f fe rences were ohse’rveuh in I uu — I ake’ w.u t u’r qua l i t  v w i t  it I it t ’

three withdrawal schemes. Si f lc’ t’ thte 1 :iku’ dot ’s not strong lv st ra t i t  v
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selective withdrawal offers no distinct advantages over bottom or surface
withdrawal. Bottom withdrawal is therefore recommended.

183. If a selective withdrawal structure is considered necessary

to provide flexibility in structure operation and maintenance , the
original design (Figure 28) should be modified . Consideration should be
given to:

a. Adding a “piggyback” ga te to the flood con trol ga te to
release small flows (i.e., less than 1.4 m3/sec) from
the bottom of the pool.

b. Using a single wet well. Since the proposed lake is not
expected to stratify strongly and since the withdrawal
zone usually extends through the entire water coluumn ,
blending between ports is not a major consideration .
However , blending is still possible in a single well
system because blockage due to density stratification in
the wet well is not expected to be a problem.

c. Reducing the size of the water quality ports for a maximum
release of approxima tely 4.3 m3/sec .

Pool elevation
184. Pool elevations were raised and lowered by 1.5 m to determine

the ef fect  of pool elevation and residence time or water quality. The
simulations I or the higher pool elevation can be interpreted to corre-

spond to two different project operations . In the first operation , the

pool is held cons tan t a t the hu igher eleva t ion all year~ This opera-

tional scheme would adversely affect flood control operations and bene-

fits. In the second operation , dual storage operation is assumed . The

pool is raised from its winter conservation level to the summer conser-

vation pool level during the spring flood.
185. Generally , the simulations indica ted that the lower the pool

the better the DO and the worse the phytoplankton . Lowering the pool

elevation is not recommended because recreat ion would be severely

af fected by increased phytop lankton and reduced surface area. Macro—

phytes would also be a problem. Dual storage would be the only effec-

t ive way to raise the pool. The flood control benefits would hi’ re-

tained along with a larger pool for recreational purposes. A lthoughu the’

phy toplankton decreased slightly at the upper pool level , the duration

and ex tent of anaerobic conditions increased . The slight decreas e in
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ph yt op 1 autk ton is probabl y tuot wor t it the’ increased period of .ln,ie rob i~’cond it ioflS~ The origina l pool e le’vat I on (324 rn ins 1) is reconmtt~ndedReleases

186. Increasing the minimum rele’ase from 0. 14 t o  (1.42 m 3
/set - in1976 had no e f f e c t  on in—lake water qualit y , Conditions would probab lyhave improved d~~~t~ t ream , however. Si lice’ t he rout I ngs and s imuj at b itswere for only 1 Year , the e f f e c t s  of a Prolonged drought on vat orquaii~~v cou ld not be de’t e. rnhj uue~d .

187. Decreasing the maximum rd e’ase to  48 ~n 3
/Sec in 1 ‘~ ~ si gn i t  i —cant ly altered the water tlua l it v  of proposed Twin %‘a l l~’~- Luke to r  thewersi’. Sln~~ 1975 was the second wet test year Ofl record and sin, e t h eflood occurr ing near the end of J une was rar e, the re’a i i zat I otu of t IteSu’cond itions wj 11 a - so he rare. Thc simulations do , huoweve r hid i cat et ha t  whenever flood wa t e’rs are stored , water quail tv would he .udvc ’l- selva f fec ted .

Pes t ra t i f i c at  ion
188. Wi th dest rat! ficat ion the’ lake remained aerobic all year.Although Phytop lanktotu blooms wer~’ predicted to increase , the prec iSee f f e c t s  of mec hanical lv mix hug the’ lake are unkni~ ,u.
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PAR T VIII: CONCLUSIONS

189. Conclusions based on this study are as fo l lows :

a. Proposed Twin Valley Lake will  probably stratif y inter-
mittently f ro m May through Jul y.

b. State standards for DO will not be violated . The bottom
wa ters will go anoxic 5 to 10 days after stratification
forms. Hydrogen sulfide production is possible after 10
to 15 days of stratification.

c. Blooms of blue—green algae are possible throughout the’
summer. The magnitude of these blooms will be similar
to those of surrounding lakes. During large blooms ,
surface accumulation is probable.

d. State standards for fecal coliforms will probably no t be
violated at the proposed recreation areas.

e. Proposed Twin Valley Lake will be eutrophic.

1. Both bottom and selective withdrawal met the downstream
temperature objective . The in—lake water quality was
also similar for both withdrawal schuemes. Bottom with-
drawal is recommended .

~~~. Pr ior to f i l l i ng , removal of all  vege ta ti on wi l l  pr obabl y
reduce the initial oxygen demand .

h. A series of fillings and flushing followed by a slow incre-
mental filling will probably improve water quality during
initial years.
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Table 4

Summary of the M~J~~r Mod if icat ions Made
~~~ ~~~~~~~~ ~~~ ç5y _~~~ e1’i

Modification Dt scr~p~ t crn

I The model ’s representation of a reservoir was changed front
a series of fixed horizon tal lay ers to a series ol variable
layers to reduce numerical disp ersion and ettsurt’ z t c & -u r at e
mass balances.  The th ickness  and volume of a layer  depend
solely on inflows and out f lows  to  that I av er .

2 The BOD compartmen t was rep laced by a disso lved organic (foR)
compar tment  because BOD values  may i n c l u d e  e f f e c t s  of n i t r i —
fica t ion , decay of par t ic u la te organic ma tt er , and a lga l
respira t ion , which are incl uded in other parts of the reser—
voir model.

3 The diffusion coeffi cient was modified to he a f u n c t ion  of
4 wind speed so that effects of wind mixing could he s i m u l a te d .

4 The basis for de te rmin ing  r e se rvo i r  s t r a t i f i c a t io n  s t a b i l i t y
was changed from temperature t o  d e n s i ty  d i f f e r e n c e s  so t h a t
inverse stratifications at tempcr1l t ures he low “4 C C cou ld  be
simulated .

5 The inflow a lgor i thut was modified so that  und e r 1 s s  t he ruta I
conditions , the inflow could he placed on the  s u r f a ce  or at
the bottom when the Inflow differed in density from the

- : isotherma l reservoir by more than a s p ec i f ie d  a m o u n t .

6 A predator was added to the fish compartment, and the
planktlvorc was modified to feed on detritus also .

7 The calculation of production was correc ted  to correspond
to net primary production above the 1 p ercen t  l i g h t level

8 The fraction of solar radiation absorbed in the su r f a ce
layer was made variable.

9 The zooplankton compartment was mod f f 1  ed so that t Itev t et’d

on bo th de t ri tus and a l g a e .

10 The mod ol was modi f i ed  so i t cou ld he run i t t  a M ont e  C ar l o
mode, wi th spec if led distributions for coc f t ’ Ic ient  s and
updates .

‘ - - I
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Table 7

Regression Equations and Generated N u t r i e n t  Loads

to Proposed Twin Valley Lake

Load — g/m
2 /v l -

Equat Ion 197 1 1975 1976

M = 0.0469 F1”
~~

4 5 .03 11. 1 2 .86
‘1.

C • 0.0432 + 0.0042F — 0.0000334F 6 .87 20.2 4 .20

C — 0.057 4.45 8.~s2 2 .”.’

C75 0.079 — —  12.0 ——

c 76 = 0.056 — —  — —  12.0

Nitrogen Load_~,g,~tn /\ ’,r,,,,
197 1 1975 19 7 6

M = O .O 622 F L26  8.84 ‘2.9 5 .10

C = 0.0653 + 0.0143F - 0.000144F 2 16.4 45 .1 10 .2

C = 0.11 8.59 16.6

C
75 

= 0.23 — —  34.7 — —

C
76 

= 0.074 —— —— 3.28

where M mass , g

C = concentration , gIm 3

C mean cencentrat ion . g/m 3

C 75 mean cencen trat ion in 1975 , g/m 3

— mean concentrat ion Ii’s 1976 , g/m 3

F — f low , m /scc

_ _
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Table 8

Nutrient Loads to Proposed Twin Valley Impoundment

Year

No. Category 1911 1915 1976

Critical Phosphorus Loads Based on
tn—Lake Concentrations of

L* (10 pg/i.) g/m 2/yr 0.96 1.76 0.58

L (20 pg/I.) g/m 2/yr 1.93 3.53 1.17

(Vollenweider 1976)

2 Calculated Phosphorus Loads

Mass Regression Equation , g/m 2 /y r 5.03 11.3 2.86

Mean Conc . Mean Flow . g/m
2

/yr 4.45 12.0 2.48

3 Critical Nitrogen Loads Based on
N:P Ratios

L (10 pg/~Q p**)

N:P-8 : 1  g/m
2 /yr  7 . 10  14 .1  4 .60

N:P—10:1 g/m2/vr 9.60 17.6 5.80

N:P—12:1 g/m 2/vr 11.5 21.1 7.00

L (20 pg/I p)

N:P—8: l g/m2 /yr 15.4 28.2 9.40

N:P—10: 1 g/m2/yr 19.3 35.3 11.7

N:P—12: 1 g/n12 /vr 23 .2  4 2 . 4  14.0

4 Calculated Nitrogen Loads

Mass Regression Equation , g/m2/yr 8.84 22.9 5.10

Mean Conc . Mean Flow, g/m 2 /vr 8.59 34.7 3. 28

* L = critical annual phosphorus loading , g/m 2/yr .
** p — flushing rate per year , yr~~.

-~~~~~~ 
,
~~~
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Table 9

Classi f icat ion , Disc rim inate 1 and Probab± Functions For
Predict4~~,j~~ic—Anoxic Lake Conditions

(After Reckhow 1978)

Form 
____ ________________

Classification Function , c . f .  c .f .  = 5 . 7 3  log ~ — 4.61 log I. + 4 . 10 log ~ — 11.50

Classification Function , c . f .  c . f .  = 2 . 6 5  log V — 2 .50  log m — 4 . 2 5

1.63
Discriminant Function d .f .  d .f .  = ~~~ 

in

V l•

Oxic Probability, p p = 1
oxic ox ic — (c.f.)

e + 1

Anoxic Probability , P p 1 — Panoxic anoxic oxic

where = mean depth , m
I,

L = annual areal P loadings , g/n /vr

theoretical hydrau lic residence t ime , yr

6 3= lake volume , 10 m

in phosphorus mass , 10~ kg P / y r

P = probability

Note : when c . f .  0 ) oxic conditions

c.f. < 0 > anox ic co nditions

d.f. < 1 ) OX! ? ’ conditions

d. f. 1 > anoxic c’ondit ions

- - , .-__ , - -
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Ta u le 10

Probabi lity of Anoxic Conditions Computed Using Classification
Func t ion vs. D i s ~’r imi na t i o n Funct io n  (P~eckhow 197~~

_______ 
Study Year

1971 1975 1976

Equation Mass Cone Mass Cone liass Cone

~anoxic ~~~~~ 
0.97 0.96 0.98 0.96 0.96 0.95

~anoxic 
(d.f.) 0.99 0.98 0.99 0.99 ~.9S 0.°7

C. ,
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Figure 66. Mean and 95 p e r c en t  c o n f i d e n c e  i n t e rva l of DO
in the bo t tom met re , su r face  wi thdrawa l . 1975
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Figure 67. Mean and 95 nercent confidence interval of ALGAE I
in the euphot ic zone , surface withdrawa l , 1975 
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Figure 68. Mean and 95 percent confidence interva l of ALGAE 2
in the euphotic zone , surface withdrawal, 1975
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Figure 69. Mean and 95 percent confidence interva l of DO
in the bottom metre , bottom withdrawal , 1976
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Figure 70, Mean and 95 oercent confidence interval of ALGAE 1
in the euphotic zone , bottom withdrawal , 1976
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Figure 71. Mean and 95 percent confidence interval of ALGAE 2
in the euphotic zone, bottom withdrawal, 1976
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Figure 72. Mean and 95 Dercent confidence interval of DO
in the bottom metre, surface withdrawal, 1976
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Figure 73. Mean and 95 percent confidence interval of ALGAE I
in the euphotic zone, surface withdrawal, 1976
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Figure 74. Mean and 95 percent confidence interval of ALGAE 2
in the euphotic zone, surface withdrawal, 1976
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Figure 75. Mean and 95 percent confidence limits of DO
in the bottom metre , pool el 322.5 ni msl, 1971
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Figure 76. Mean and 95 percent confidence interval of DO
in the bottom metre , pool el 322.5 m msl , 1975
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Figure 77. Mean and 95 Dercent confidence interval of DO
in the bottom metre , pool el 322.5 m msl, 1976 
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Figure 78. Mean and 95 percent confidence interval of DO
in the bottom metre, pool el 325.5 in insi, 1971
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Figure 79. Mean and 95 percent confidence interval of DO
in the bottom metre , pool el 325.5 m insi , 1975 
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Figure 80. Mean and 95 percent  conf idence  in te rva l  of DOin the bot tom metre , pool ci 325 .5 m msl , 1976
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Figure 81. Mean and 95 percent confidence interval of ALGAE I
in the euphotic zone , pool el 322 .5  m msl , 1971
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Figu re 82 .  ~tean and 95 r er L -ent  co n f i d e n c e  i nt e r v a l  of AI .~ AE 2
in t he e u p hot i c  zone , po ol ci 3 2 2 . 5  rn msl , 19 71
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Figure 83. Mean and 95 percent confidence Interval of ALGAE I
in the eup h ot ic  zone , pool el 3 2 2 . 5  m msl , 1975
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Fi gure 8’~. Mean and 95 oercent  conf idence  in te rva l  of ALGAE 2
in the  euphot ic  zone , pool ci 32 2 . 5  m tnsi , 1975
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Figure 85. Mean and 95 percent confidence interval of ALGAE 1
in the euphotic zone, pool el 322.5 m msl, 1976
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FIgure  92 .  Mean and 95 percent  c o n f i d e n c e  I n ter v a l of M CAE 1

In the euphot ic  zone , pool ci 325 . S in insi . 1976
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Fi gure 94. Mean and 95 percent  conf idence  in terva l of ALGAE 1 in the
euphotic zone, pool el 325.5 in msl , se l c et iv e  w i t h d r a w a l , 1975
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Figure 96. Mean and 95 percent  c o n f i d e n c e  i n te r v a l  of Do
in the bottom metre , assuming destrati ficat ion , 1971
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Figure 97. Mean and 95 percent con f idence  i n terva l of DO
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Figure 98. Mean and 95 percent confidence interval of ALGAE 1
in the euphot ic zone , assuming destra tification , 1971
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Figure 99. Mean and 95 percent confidence interval of ALGAE 2
in the euphotic zone, assuming destratification , 1971
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Fi gure 100 . Mean and 95 percent con I idenc e In t e rv a l  of DO in the
bottom metre with .i m i n i m u m  of r e l e a s e  of 0 . 4 2  m 3/ sec , 1976
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Figure 101. Mean and 95 percent c o nf i d e n c e  int erv a l el AI GAF 1 in the
cuphot ic  zone w i t h  a m i n i m u m  r e l e . i s & ’ et  0 .42  m 3 / sec , 1976 
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Figure  102 . Mean and 95 percent  c on f i d en c e  In t er v a l of AL GAE 2 in
the cuphot Ic zone w i t h  a m i n i m u m  re lease  of 0. 42 m 3/ sec , l t ) 7 t ~
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Figure 103. Mean and 95 percent cent  idence in t er v a l  of Pt) in  the
bottom metre with a maximum release of -~~~~ m 1/sec , 1975
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Figure 104. Mean and 95 percent confidence interval of ALGAE 1 in
the euphotic zone with a maximum release of 48 m3/sec , 1975
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Fi gure 105. Mean and 95 percent con f idence  in t e rva l  of ALGAE 2 in
the euphot ic zone with a maximum release of 48 m3/sec , 1975
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Figure 106. ~iean and 95 percent confidence interval of DO in the bottom
metre with a maximum release of 48 m3/sec, selective withdrawal. 1975
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Figure 107 . Mean and 95 percent confidence interval of ALGAE 1 in
the euphotic zone with a maximum release of 48 xn3/sec , selective

withdrawal , 1975 
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L I M I T I N G  NUTRIENT BIOA SSAYS

RUN 1 (APRIL 1978)

Water samples arrived at the Utah Water Research Laboratory via

air fre ig h t from Fargo , Nor th Dakota , on April 12 and 13 , 1978. The

samples were shipped in polyeth y lene containers and arrived on partial

j e t .  The samples were designated t h e  following numbers and will be

referred to as such throughout this report.

1. W ild Ric e River at Twin Valley Gauge
10 Apr il 1978

2. Inflow to Le-.,-er Rice Lake
10 Apr il 19,8

3. W ild Rice River Upper End Conservation Pool
10 Apr i l 1978

4. Day ton Hollow Dam Mid  Pool , Dep th In tegr at ed
11 Apr il 1978

5. Ottertai l River Inlet to Dayton Hollow
11 Apr il 1978

Samp le Pretreatment

Innttedia tely on arrival approximately 3 ~ of each sample was filter

sterilized using 0.45—ji Milli pore membrane filters. Filtering removes

nat ive algae from the test water and enables the use of unialgal test

species in the bioassay.

Upon comple tion of filtering the samp les were subjected to routine

chemical analyses for the determination of indigenous levels of soluble

phosp horus and soluble inorganic nitrogen (Table Al).

Prior to use in the bioassays all glass and labwar e contacting

al gae were cleaned In the following manner: sodium bicarbonate wash ,

tap water rinse , 1:1 hydrochloric acid rinse , deionized water rinse ,

and , finally, ultra pure deionized water rinse. Following the washing

procedure all glassware was autoclaved using an aluminum foil closure
0at 121 C for 15 minutes.

A2 
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E x p er i m e n t a l _ Set~~p P rocedure  - -

The b ioassays  were conduc ted  u s i n g  100—mi sample volumes in  500—mi

Erlenmeyer flasks. Inverted beakers were chosen fo r  f l a s k  c losures  In

order to permi t good C02
— 0 2 exchange and prevent c o n t a m i n a t i o n .

Each of the five test watcri4 received the follow i ng treatments.

All treatments for all samples were set up in trip licate. The samp le

blank (Trea tment  A) was inc luded  to p rov ide  the  b as i s  fo r  comparison of

the othe r t r e a t m en t s  and p rov ide  a measure of the  general  f e r t i l i t y  of

the sample.

Treatment

A. Samp le

B. Sample + 2.1 mg/i N0
3
—N

C. Sample + 0.093 mg/i  P0 4 —P

D. Sample + 2 . 1  mg/i N0
3

—N + 1.093 mg/ i  P04 —P

E. Sample + AAM * levels of t r ace elements

F. Sample + MN levels of HCO
3

C. Samp le + 2.1 mg/i N0
3
—N + 0.093 mg/i I’0

4
—P + AAM levels ol .

trace clemen~ s, 11C0 3, CaC 1 2, and MgSO
4

Control. Distilled water + 2.1 mg/i N0
3
—N + 0.093 mg/i P0

4
—P +

MN levels of trace elements , 1-1C0 3, CaCI2, and MgSO
4

Constituents of A/tN are listed on Table A2. The samples and con-

trol contained one—half A/tM levels of nitrogen and p hosphorus whereas

all other constituents were added at full strength levels.

The control treatment was included to provide a general check on

cell growth and to provide an Index for comparing growth levels in the

test waters. The results In Figures Al—A lO are al compared to the

MN control .

Algal bl oassays were performed according to EPA (1971) u s I n g  the

green alga , -~ :c’; ~~ ~~~~~~~~~~ ~e-: PRINT?,. The test flasks were

* A/tI-I = algal assay med i um.

A3
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placed in a cons tant temperature room (24°C ± 2°C) with “cool—white”

fluorescent lighting providing illumination of 400 fc (4304 lx) ± 10

percent .

The assays were monitored by determining the optical density (011,

Bausch and Lomb Spec 70, 750 nm, 1—cm path length) and relative fluores-
cence (RF x 30, Turner Fluorome ter , Model 110). Opt ical density was
measured over a 12—day period while relative fluorescence was measured

to monitor the progress of the cultures for the first 6 to 7 days when
optical density does not provide a great deal of sensitivity . The

results of bo th de terminations are represen ted graphically in Figures
Al—AlO . Maximum values for optical density are listed on Table A3.

Optical density is an indirect means of measuring algal cell bio—
mass. As a consequence , OD is linearly related to biomass as dry weight
(Porcella et al. 1973). Due to this linearity, biomass, as volatile
suspended solids (VSS), can be calculated direc tly from OD. The re-

lationship used to convert 011 to VSS in Table A4 is:
VSS , mg/i = 350(OD) + 3.5 (Al)

It is the algae yield as dry weight which will be used to sub-

stantiate the limiting nutrient in each of the test waters. Figures

All—A20 represent the maximum growth , as VSS (Table A4), plotted against

(1) P0
4
—? concentration and (2) total soluble inorganic nitrogen con-

centration for each treatment. These graphs are helpful in determining

nutrient avaIlability in a sample , as well as supporting the determined

limiting nutrient. The maximum growth is compared to a theoretical

growth vs. concentration curve derived from the AAM control. According

to theory , for a certain concentration of nutrient (N or P), there should

be a predictable increase in biomass over time . If a particular nutrient

is deficient then growth will be below the expected level as predicted

by the A/tN control. Growth may also be too low if the nutrients are in

art unavailable form even through chemical analysis indicated adequate

concentrations of all nutrients in the test water.

Because of the difficulty of measuring biomass in low density

cultures, relative fluorescence of in vivo chlorophyll a was used to

estimate biomass during the early phases of growth . Calculations of

A4 
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average maximum spec 1ff c growth rate batch ( f i ~~) were made using t best’

numbers. All ~~ values were observed to occur between days 1 and 4 ol

the growth curve. Maximum relative f1uorest-enL - t-~; (X) were alSo deter-

mined. Both the 
~b 

and X values are tabulated in Table AS. Even

though re lative fluorescence measures a physiological response and

optical density measures a standing crop (blomass) response , the re—

spou ses should correlate relative to the hiomass; th is Is shown by the

foll owing regression equation which relates maximum observed RF and

maximum observed OD (r
2 

= 0.946):

01) = 0.0017 (1W \ 30) + 0.045 (A2)

Res ul ts

1. Wild Rice River at Twin Valley Gauge (Figures Al—A2)

Based upon chemical analysis alone it was difficult to d e t e r m i ne

the status of this water. Ind igenous nitrogen and phosphorus conct’n—

t r a tio ns  were modera te ly  h i g h  and In a p r o p o r t i o n  ( N / P  r at i o  2t -i .8)

that would make this water somewhat fertile without t reatment . A slight

degree of phosphorus 1 iml t a t  ion may be poss ibi ‘ but this Is hard to pre-

dict . Genera l ly  waters  w i t h  N/P rat los (all N / P  rat Los In the text

reter to TSIN/OP) % 15 are nitrogen limited whi I t ’ those grea ter  are

phosphorus limit t’d . Values near IS are optima I if the phosphorus con—

cen t rat ion Is ~ 0.010 mg P/f , However , Porct’lla et al . (1970) showed

N / P ra t I os var~’ lug in  he range of 6 to 88 t o  be opt (ma t or nonop t (ma t

dep end ing  on the test water Involved ; therefore , It can only be assumed

that phosphorus Is lim iting in this case.

As was pred icted , hi oassav i n d l a e d  a s Egn if leant i ner east ’ in

hi omass In the untreated samp 1 ~‘ (Table A4 — 64 .8 mg / f VSS in Treatment

A) . The max! mum spec if Ic growth rate was h i gh fo r  a l l  t rea t nw ut  s of

S;tmp it’ 1 Ind icating that the al gae are quickly us tug the aval lab Ic

nu t!- ten ts from day (1 to day 4,  then growth rate rap (dlv dcc reases when

n u t r i e n t s  ar t -  exhaus t ed .  Increased h i  omass In Treatments A • B , E, and
F showed t h a t  End igenous nut  r t e n t s  were  u t i l i z e d , hu t  t he add I t  ion of

phosphorus (Treatment  C) created  a l ower t o t a l  N / P  rat t o  ( N/ P  — 10.0)

A S



and the system was able to use all the remaining indigenous nitrogen .

This is a clear indica tion of a phosphorus limitation. Figures Al and

A2 point out that the phosphorus limitation was partially due to the

small increase in growth observed over Treatments A , B, and F and higher

growth in Treatment D.

2. Inflow to Lower Rice Lake (Figures A3—A4)

The conditions in this test water indicated nitrogen limitation .

The chemical analysis showed low nutrient levels in the untreated

water. The initial N/P ratio was 8.6, a level wh ich predicts nitrogen
limitat ion, al though slight. The bioassay confirms slight nitrogen

limitation as visualized in Figures A3 and A4 . Biomass in Treatment B

Increased only slightly because phosphorus rapidly becomes limiti ng due

to the initially low levels of all nutrients. There -is a delicate

line between which nutrient may be limiting at any one time. At this

par ticular sampling time it appears nitrogen was limiting .
It will be noted that the specific growth rate (Table AS) in

Treatment B increased significantly over the untreated sample. Treat-

ments D and C. show even greater increases in 
~b

’ further confirming that

nitrogen is only partially limiting in this sample.

3. Wild Rice River , Upper End Conservation Pool (Figures A5—A6)

The observed results in the upper end conservation pool sample were

slightly different from results in the previous samples. The chemical

analyses indicated possible phosphorus l imi t a t ion  ( N / P  = 29 .1 ) ,  but

as with the previous samples the limitation appeared to be on ly  p a r t i a l .

Figures AS and A6 show that bioassay confirmed t h i s  limitation, The

maximum biomass observed was 32.9 mg/i  as VSS in the unt rea ted  sample

whi le  the maximum biomass increased to 111.0 mg/ i  when phosphorus was

added (Treatment C). When N is added in addition to P (Treatment U)

greater response occurred indicating N is also limiting .

The unique point to note in this sample was the observed response

when both trace elements and 11C0
3 

were added to the sy s tem . ThIs

indicated that trace elements and carbon were also limiting. Since

‘.~~~t e:c : - ‘~~ ‘~~
-
~~ :im derives carbon from CO2 

in the a tmosp here *
i t is doubtful that carbon limitation is involved. Since 11C03 spikes

Mi 
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add buffer capacity to the sample as well as an additional carbon source,

this aspect may also be considered. This response may result from

interaction of trace elements and phosphorus with calcium in samples
having high hardness. Added bicarbonate helps prevent precipitation
of such complexes making phosphorus more available.

4. Dayton Hollow Dam Mid Pool, Depth Integrated (Figures A7—A8)

It was concluded from bioassay and to a lesser degree chemical

analysis that both nitrogen and phosphorus were limiting. The untreated

sample was somewhat fertile as indicated by (1) the optimal N/P ratio

of 21.9, (2) an observable increase in biomass in Treatment A (Table A4),

(3) the high maximum specific growth rate (Table AS), and (4) Figures

A7 and A8 which graphically represent the growth. Only when both

nitrogen and phosphorus (Treatment D) and AAN (Treatment C) were added

did the biomass as well as the 
~
1
b 
values increase over the - -  

~r ated

sample.

S. Ottertail River , Inlet to Dayton Hollow (Figures A9 and AlO)

Results for the Ottertail River are identical to results observed

in Sample 4 above: both N and P are limiting . Samples 4 and S are

identical in respect to all aspects observed during the bioassay . The

indigenous levels of N and P were the same , the growth response to
treatments the same, and the maximum growth rates in all treatments were
remarkably similar.

Nutr ient  Availabil i ty

In order to ascertain N and P availability, maximum grow th was
plotted against N and P concentrations present in the various treat-

ments (Figures All-~A20) for each of the samples.

1. Wild Rice River at Twin Valley Gauge (Figures All and A12)

This water showed equal yields (mg VSS/mg TSIN and mg VSS/mg

P0
4) for N and P in the untreated sample when compared to algae grown

In AAM (A/tN represents the optimum conditions for growing

~~~~~~~~~~~~~ This indicated tha t all the N and P was available in

the untreated sample. Addition of phosphorus (Treatment C, Figure A l l )

A7
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4. The t-e was a s l i g h t  degree e t t r a c t- ci emeut limit a tion in

Sampl e 1. Carbon 1 m l  t a t  ion was possible but not ii k&- Iv

S . R a n k i n g  o I h I eas say response lit tint r eat ed  samples  showed t 1w

f o l l o w i n g  ( gr e a t e s t  to  least).

l N 5 N 4 ~~ 1 N 2

W~ien N and P were Inc reased by sp i k I n g  t t i t ’ r an k i n g was :

1 N N 4 N 5 N 2

b . R e l a t i v e  I luorescence respons - c o r r e l a t e d  we l l  w i t h  opt  t e a l

density response. Tli is a Ii OWS grow t Ii rate dat a to be ana l v~~t’d a lon g

w i t h  b I omass. IJs I ng hot ii parameters * N / P  r a t  i os were  essent  ( a l l y

colIt Irmed.

7. No toxi cit y was observed.

RUN 2 (.IU1\ 1 78)

F Eve  samp les a r r i v e d  at the U t a b  W a t e r  Research l abora t ‘rv b~- a i 1~

f r e Igh t I rom Fargo * Nort Ii l)akot a * on Jul v I I , 1978. The samp les Wt ’ F t

in po [ve t  1w lent’ containers and on p a r t  I a t  I et’ as i T !  A prI l 1 978 . The

samples were sub l i -ted to pretreatment (dent i cal wit Ii it i oa s sa~- , run I

Sample s 4 and S . a I though I rout tile s auie si t t~ s • were lab e l e d  souit ’wha

dlii eren iv . The s it es Inc I tided:

1. W I l d  Rice River at  Twin  V a l  1ev CauSe
11 July 1978

2 . I n f l o w  to  I .owvr R ice  iaike
i i  .Iulv 1q78

1. W I L d  R ice  RI ve’ r Upper End Conservation Po ol
I i  July 1978

4. Pavton Hollow Reservoir , Otter tal I R i v e r
11 July 1978

5. O t t  erta 11 River li pst ream of 11a\- t on ito 1 low
11 July 1978

Samp le spikes or treat ulent s are the satn~ as t host- in b i o~ioo . i v  run 1

(page A 1 ) . All cond It ions * samp It ’ ~-o I link’ • t e~ ipt’ r i t t  l e  * and I I ~‘li t I os -. *

m i m i c  t h e  April l L~7S bioassay

\ ‘1 
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Results

in general , the test waters of July 1978 have taken on character-

istics somewhat different from before. Initial chemical analysis

showed much lower concentrations of Ind igeneous nitrogen . Phosphorus

couccntr a t  ions also var ied  but  in a much more random f a s h i o n . Samp les I

and 3 had lower P values w h i l e  2 and 5 were h i g h e r .  The phosphorus

concentration of Samp le 4 increased dras tically.
Due to the changes In nu t r i e n t  concen t ra t ions , a l l  tes t  wa te r s

were ascer ta ined  to he n i t rogen  l i m i t e d  based on chemical  a n a ly s i s .

N/I’ ratios are listed in Table A7. The overall l ower nutrient concen-

trations at t h i s  t ime suggested less fertile samples than noted in

Apr il 1978.

1. Wi ld  R ice  R ive r  at Twin V a l I & - v Gauge (F igures  A2 1 and A 2 2 )

The c oncent ra t  Ions of in d igenous  n u t r i e n t s  appeared to be t oo low

to support any kind of growth in the u n t r e a t e d  samp le. G e n e r a l ly  a

test water must contain ~ 0.010 mg PR if growth is t o  r e s u l t .  The

level of 0.016 mg PR in the  Wild  Rice  R ive r  appeared to he less than

adequate. Because of tills fact , the a d d i t i o n  of N (T rea tmen t  B) had

no ef lee t. This sample was both iti t rogen and phosphorus l i m i t e d .

Maximum growth r a t e s  (Tab it’ AS) are s u b s t a n t i a l ly  h i g h e r  when b oth

N and P were mad e ava i l ab l e .

2. Inflow to Lower Rice Lake (F igures  A 2 3  and ~\24)

The N / P  r a t i o  of 1.6 d early Indicated nitrogen 1 Imitation and

t r e a t m e n t  w i t h  n i t  rogen (Treatment B) con f t  rmed t h i s  assumpt ion .

Figures A2 3 and A2 4 v i sua l lv represent  the  increased response upon
add i t  ion of n i t  rogen . The values are e x t r e m e ly  low except  Ill

treatments will cli inc l uded n i t r o g e n  ( T r e a t m e n t  s B , U , and C) * a iso

confirm ing nitrogen limitat ion.

Phosp horus w i l l  become l i m i t  lug as indIcated 1” ti it ’ $llhtlorflla I

a 1 though increased growth in Treatment  B . Tile sI tua t ion created in

Treatment  B is one of phosphorus limitation (N/P = 4 4 . 4 ) .  The r e l a —

t iv e ly  low leve l of Ind igenous phosphorus was exhaus ted  be fo re  m a x i m u m

growth  could be reached.

A l O
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3. Wild Rice River , Upper End Conservation Pool (Figures A25 and A26)

The sample responded to nitrogen addition with increased bioinass

but not significantly enough to classify the sample as N limited. The

sample was identified as both N and P limited. Indigenous nutrients

were at a level that was considered relatively low, making the sample
infertile in an untreated form. The sample responds well to Treatments

D and G with greatly increased maximum specific growth rates .

4. Dayton Hollow Reservoir , Otter tail River (Figures A27 and A28)
(Dayton Hollow Dais, Mid Pool , Depth Integrated)
A differen t situation arose upon examination of this test water .

It was assumed from chemical analysis that nitrogen was the limiting

fac tor due to the high concentration of phosphorus (100 pg/t). It

appears that nitrogen does play a role in grow th limitation, but other
nutrients must also be considered. Figures A27 and A28 indicate that

the addition of nitrogen enhanced growth. This fact was substantiated

by the maximum biomass observed (Table A9). However , this increas e was
far below what was predicted. The initial N/P ratio of 3.2 was increased

to 24.2 upon addition of N in Treatment B. An N/P ratio of 24.2 is

within the optimum growth range ; therefore , it was assumed growth would
be near optimum. Addition of both N and P in Treatment D lowered the

N/P ratio to 12.5 (still within the optimum range), but growth remained

at a subnormal level. It was assumed a trace element or HCO
3 

limitation

in conjunction with the N limitation was involved because growth in

AAN (Treatment C) was normal.

5. Ottertail River Upstream of Dayton Hollow (Figures A29 and A30)

(Ottertail River Inlet to Dayton Hollow)

Since the April bioassay the phosphorus concentration doubled and

the nitrogen concentration was only one—third its previous level. This

created a definite nitrogen limitation in the test water. Bioassay was

in agreement with this assumption made on the chemical analysis alone.

Nitrogen addition caused the 11b 
value to increase from 1.07 to 1.46 and

the blomass to increase from 36.4 to 72.1. Phosphorus limitation also

played a part as indicated by further biomass increase (122.5) when P

was added along with N (Treatment D).

All 
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N u t r i e n t  A v a i l a b i l i t y

1. Wild R ice River at Twin Valley Gauge (Figures A3l and A32)

2. Inflow to Lower Rice Lake (Figures A33 and A34)

3. Wild Rice River Upper End Conservation Pool (Figures A35 and A36)

Both nitrogen and phosphorus limitation was confirmed. N or P

additions have no effect on the total blomass; it remained the same as

the untreated sample. As indicated by the grow th equaling AAM, nutrients
were in an a v a i l a b l e  fo rm for  both samples.

4 .  Dayton  Hollow Reservoir , Ottertail River (Figures A37 and A38)

5. O t t e r t a i l  R i v er  Ups t ream of Dayton Hollow (Figures  A39 and A40)

Nitrogen limitat ion is pointed out well using the mg VSS/mg P0
4

plots. Figures A3 3 , A37 , and A39 show that growth in the u n t r e a t e d

samp les was subnorma l for  the level of indigenous phosphorus , but

acc ord ing to Figures A34 , A38 , and A40, biomass was greater than normal
for the level of indigenous nitrogen in the samples. This clearly ind i-

cates complete usage of nitrogen with an excess of phosphor us . When

both N and P were added to Samples 2 and 5, biomass wa s near normal ,
ind icating that all nutrients were available.

The situation in Sample 4 is somewhat different. Due to the trace

me tal and 11CC
3 

limitation , grow th increase was minimal when N and P
were added . Macronutrients (N and P) were not made available until

t race me tals and HCO
3 
were added in Treatment C.

Conclusions

1. Samp les 1 and 3 contained ex t remely small concen t ra tions of
bo th nitrogen and phosphorus ; therefore , the un trea ted sample s tend ed

to be infertile. Only upon addition of both nitrogen and phosphorus

did biomass increase.

2. Samp les 2 and 5 also exhibi ted infer t ile tendencies . hut the

addition of nitrogen lessened the infertilit y to some degree . However ,

the indigenous P as well as N was relativel y low , making these samples
subjec t to phosphorus limitation as well.

A 12
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3. Sample 4 had several limiting factors. Nitrogen was definitely

one of those factors, but trace element or HCO
3 
limi ta t ion was also

involved .

4. Ranking of the untreated sample response showed the following :

5 > 4 > 2 > 3 > 1

When N and P were increased by spiking the ranking was:

5 > 2 > 3 > 1 > 4

5. Relative fluorescence response correlates well with optical

density response. The N/P ratios based on chemical analysis indicated

nitrogen limi tation in all samples. This appears correct; however , due

to the low nutrient concentrations, both N and P play roles in limitation.
6. No toxicity was observed .

A BRIEF REV I EW OF ALGAL GROWT H DYNAMICS

The growth of algae is limi ted by the quantity of environmental
fac tors such as light, t emperature , and nutrients. When light , tempera-

ture, and other environmental conditions are at standardized levels as

in the algal assay method (EPA 1971), the bioassay shows responses
related to nutrient concentrations. Previous studies have shown (e.g..

Porcella et al. 1970) that two parameters of growth can be related to

the concentration of limiting nutrient , specific growth rate , and
maximum growth. Actual measurements of grow th from which grow th
parameters are calculated usually require a variety of methods (for

example , cell counts, cell volume, chlorophyll, turbidity, opt ical
density, dry weight of cells, particulate carbon), limited only by
economics and technician time. The limiting nutrient is that nutrient

(required element) which is in lowest concentration compared to all

other nutrients in relation to the needs of the cell.

The growth parameters can be calculated or estimated from measure-

ments of the growth (X, cells) of an algal population over a period of

time (t, days) :

A13
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The maximum growth (X) observed occurs when the limiting nutrient

is exhausted and cells not only cease dividing but cease increasing in

mass. Operat ional ly ,  the maximum observed value of the growth measure-

ment is used and the day of the observat ion is recorded as f o l l o w s :

(t = B). Populations increase geometrically (e.g., doub l ing  a t

spec ific t ime increments) and the rate of change can be defined as:

dX = pX; 
~
i =  dX (A3)

dt X d t

Where p (days~~ ) is the specific growth rate. This app lies onl y

over a limited range (i.e., where the limi ting nutrient has not been
completely utilized). Integrating over t ime ( f rom t = 0 to t = t) for a
growing population starting from known cell concentration (Xi

) to a

greater cell concentration (X
i+~

), one obta ins: ~~~~ = X . ~~~
Opera t ionally, p is de termined either by plotting X on semilog paper and
de termining the slope from the s traight line portion of the curve (up to

about point A) or by using the maximum observed slope in the entire

grow th curve
The growth parameters are related to the limiting nutrient con-

centration (S) by specific growth functions (for review see Percella

et al. 1970; EPA 1971). Maximum growth (X) is related to the l imiting

nutrient by the concept of yield (Y) (i.e., mass of cell grow th per

u n i t  of n u t r i e n t  mass ) :

A 14
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X = YS ; Y = X (A!.)

0

where S is the i n i t i a l  c o n c e n t r a t i o n  of l i mi t i n g  n u t r i e n t  and i t  is
0

assumed (on good evidence) t h a t  e s sent ia l ly  all of the n u t r i e n t  is

utilized during cell growth.

Growth rate is limited by catalysis , and enzyme k i n e t i c s  haye been

assumed limiting as follows :

p = ~iS (A ~ l
K + s

S

where ~ is tile maximum p hy s i o l o g i ca l  p o p u l a t i o n  g rowth  r a t e  anti K 
- 

is

the h a l f — s a t u r a t i o n  c o e f f i c i e n t .  Data  in t h i s  r epor t  were anal~~. td

only  in terms of y i e l d  because measurement  t e c h n i q u e s  used were not

sens i t i ve  enough to de te rmine  al gal growth at the low cell concent ra-

t ions  where growth increases the f a s t e s t .

When samples are hioassaved , growth is measured by an a p p r o p r i a t e

method and the growth parameters d e t e r m i n e d .  These p a r a m e t e r s  in

themselves may he i n s u f f i c i e n t  to d e t e r m i n e : (a) the l i m i t i n g  nutrient ,

(b) the e f f e c t s  of increases  in spec i f i c  nutrients , and (c)  the  i n t e r -

ac t ions  between n u t r i e n t  a d d i t i o n s  and chemical  c o m p o s i t i o n  and i n t e r -

act  ions of the  sample .  N u t r i e n t  add i t  ions arc made ( term ed “ sp i k i n g ”)

and bioassay responses d e t e r m i n e d ;  an example  is the  “P ro toco l  f o r

N u t r i e n t  Sp ik ing ” in Table  A2 .  Sp i k i n g  e f f e c t  s on g rowth  p aramet  ers

can he used to  d e t e r m i n e  the  l i m i t  ing  n u t r i e n t  f o r  t h a t  samp le and the

e f f e c t s  of i n t e ra c t  ions  of t i le  increase  of t i le spec i f i c  compound or

clemen t .  For example , when a s p e c i f i c  n u t r i e n t  add i t  ion causes a l a rge

response in a sample and o t her  add i t  ions do nOt , that s p e c i f i c  nut r tent.

is d e f i n e d  as l i m i t  tog a lg a l growth for the t e s t  cond i t  ions and h ioassav

organism.

High hardness and alkal i n i t v  are found in waters draining limestone

geolog ical  bas ins . The removal o f CO ., f rom the  i n o r g a n i c  carbon pool

of a l k a l i n i ty  causes  an increase in p11 and a sil t ft to ca rbonate  ions

w h i c h  then  prec ip itate calcium t on s  from the hardness  comp l emen t .

Cal c inn phosi ha te s and metal hy drox  i des also are removed a 1 ong w i t  ii the

A l  S
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Cz1CO
3 

p r ec i p i t a t e s  an -i become u n a v a i l a b l e  fo r  a lgal  g r o wt h .  The add i —

t ion of bicarbonate to su~ il hard w a t e r  svs t ems increases  the  a l k a l i n i ty

peoi and l e a d s  to b e t t e r  p 11 coot rol mak ing  phosphates and t r a c e  m e t a l s

more a v a i l a b l e . In any case , high hardness—alkalinit y waters which

appear to be l i m i t e d  h~’ iii t rogen  or other components  based on chemical

analvs i s  can , d u r i n g  t i le  bioassay , and p r e s u m a b ly  in nature , become

limited h~ phosphorus or trace me tals b ecause  o f prec ip i tat ion.
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Table A2. Al gal a usay med turn (AM!) • *

Cone en t r a t  Ion In NAAM

Compound E letnt’ntCompound mg/ k mg/ I

A
1 

NaNO
3 25 .500 N 4 .2

A2 MgCl .,~ 6H
2O 12.171 Mg 2.9

MgSO
4
’7B

20 14 .700

A
3 

CaC1
2

2H
2O 4.410 Ca 1.2

A
4 NaHCO3 15.000

B K 211P04 1.044 P 0.186

C U
3
B0

3 
185.64 B 32.45

MnC 12 4H 2O 417.18 Mn 115.80

ZnCl2 32.70 Zn 15.68

Na
3~
tlQ
4
•2H 2O 7.26 Fk, 2.88

C0C12 6H
2O 1.43 Co 0.35

CuCl 2~ 2H
2O 0.01 Cu 0.004

P FeCl
3~

6H
20 160 Fe 33.05

Na2
EDTA ’2H

2O 300

Protocol for Nutrient SpiR ing S 1.91

A
1 Ni trogen Na 11.04

B Phosphorus K 0.47

A
1 + B  N + P  C 2.14

C + D Trace Elements (TB)

ALL NAAM

* (EPA 1971). 
-
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APPENDIX B:

A DETERMINATION OF POTENTIAL WATER QUALITY CHANGES IN THE

BOTTOM WATERS DURING THE INITIAL IMPOUNDMENT OF THE
PROPOSED TWIN VALLEY LAKE

by

D. Gunnison, J. M. Brannon, I. Smith, Jr.,
C. A. Burton , and P. L. Butler

Environmental Laboratory
U. S. Army Engineer Waterways Experiment Station
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PART I : INTRODU CTiON

The oH cc t lye ii f t h i s  st udv was t o  eva 1 ua t e t he pot i’Ti t I a 1 geo-

chemical  e f f e c t s  of so I 1 — w a t e r  m t  er ac  t ions o c c u r r i n g  under  anox Ic con—

d i t  Ions on the  w a t e r  qua l  i t  v of t he  proposed TwIn Val  1ev Lake p r oj  ect

Wild R ice River • M i n n e s o t a  - Cons i der a t  ion was a I so g i ven  to  he p o t e n —

t m l  e f f e c t s  of several a 1 t e r n a t  lye c le a r i ng  and tilling p r a c t  ices  on

the w a t e r  qua l I tv  c h a r act er  ist ics of the  p r o j e c t  - For the  purpose ot

this report , the  wa te r  qu a l i ty  c h a r a c t e r  1st Ics of m a j o r  concern i n c l u de :

d i ssolved  oxygen (DO) and h iochem ica l  oxygen demand (BOD ) , pH , n u t r i e n t s

ot m a j o r  Impor tance  in s u p p o r t  lug a l g a l  g rowth , su 1 1 ide , o r g a n i c  carbon ,

color , and the  met a is I ron and manganese.  -

B2
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PART 11: METHODS ANI) MATER iALS

S e l e c t i o n,  C h a r a c t e r i s t i c s,  and Samp l ing o f Soi ls
and Vegetation Used in t h i s  Stud y

~~. Two generally representative areas t rom within the boundaries

of the proposed Twin V a l l ey  Lake were se lected as sampling sites. The

general locat ions of these sites are depicted by Arrows 1 and 2 in

Figure B!. Major vegetative and edaphic cons iderations for each of the

sites are presented below .

1. Site I was selected as representative of the most extensive

plant community and soil type lying within the proposed lake boundaries.

The site is approximate ly i.h km north of County Highway 31 and 61 to

north—north east of the northern terminus of County Road 164, Norman
Coun ty , Minnesota. Vege ta t  ion on t h i s  s i t e  has been characterized as

mat ure floodplain or hottomland forest consisting of a highly developed

overstory of tree species and well—developed herbaceous ground cover

(U. S. Army Engineer District , St. Paul 1975). The species composition

of floodplain forest for this area is given in detail elsewhere (U. S.

Army Engineer District , St. Paul 1975). The soil of SIte 1 is classi-

fied as type Af , a l luv ia l land , frequently flooded and has a capability

unit rating Vlw— l — of restricted use and best suited for wildlife

habitat (Soil Survey of Norman County , Minnesota 1974). The periodic

inundation of the soil in this area is reflected by the water—tolerant

nature of the dominant tree species (U. S. Army Engineer District , St.

Paul 1975) and by the lack of development of the soil into normal ,

d istinctive soil profiles (Soil Survey of Norman County, Minnesota

1974).

4. Site 2 was selected as typical of the second most abundant

soil type within the proposed lake. Site 2 is situated approximately

1.6 km north of County Highway 31 and 1.2 km north—northwest of the

junc tion of County Highway 36 and County Road 183, Norman Coun ty ,

Minnesota. Vege tation on the type of soil found at this site is also

of the floodplain type; however , Site 2 had previously been stripped of

B3 
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vegetation for agricultural purposes. The port ion of S i t e  2 selected

f o r  s a m p l i n g  was approXimatel \ 10 to f rom the nearest plowed area and was
1 to 3 ~‘ears it-ito a secondary succession at the t ime of sampling.

Predominan t  v e g o t z % t  ion included a mixture of grasses p lus  numerous small

shrubs of the genus R ih e s  (gooseb er rv )  at  an t’st imated d e n s i ty  of

l~ sterns/rn . The soil of Site 2 is c l a s s i f i e d  as Ad , alluvial land ,

occasionall y flooded , and h a v i n g  a capabilit y u n i t  rating T l l w — 5 — soil

with high o r g a n i c  m a t t e r  con ten t  and highly f e r t i l e , bu t  l i m i t e d  useful-

ness b y poor drainage (Soil Survey of Norman Counts- , Minnesota I ‘-)7 -~ )

The upper or :\ horizon of this soil was extremely well developed , and

the samples commonly indicated a depth of 33 to 38 cm for  t h I s  hori~ ou.

5. Soil samples were collected by c u t t i n g  the  soil aw.1v f rom t h e

p er i m e t e r  of an 0. LeO—to2 a rca down to approx imat  c iv  200 cm benea th  t h e

boundary ~f the A and B horizons . Individual horizons were removed and

placed on to  i n d i v i d u a l  shee ts  of 5—m u — t h i c k  p o l v v i uv  l ch l o r i d e  (P V C)

p l a s t i c  p r i o r  to p lacement  in sh ipment  conta iners  and t r a nsp o r t a t i o n

to the I . S. Arms - Engineer  Waterway s  Experiment  S t a t i o n  (W ES ) .  In t h e

case of S i t e  1, none of the  large t rees  and shrubs present  were in-

c luded w i t h  the soil samp les , a l t hough any roots runn ing  t h rough  the

va r ious  h or i zons  and l i t t e r  ly ing  on the  s u r f a c e s  of the A hor izon

samples were included. Samples of twigs and leaves were removed from

the vegetat ion present in the area of Site 1, each in approximate pro-

portion to the biomass of a given species present. Samples were corn—

- - - . 3
posited and placed into individual heavy—duty 30—gal (0.114—rn ) trash

bags for transport to WES. In the case of Site 2, the dominan t vege-

tation present on the site (grasses p lus gooseberries)  was small enough

to permit Inclusion with the A horizon samp les , and this was done. In

add ition , samp les of the shrubbv gooseberries were also taken for

independent BOD analysis.

B4
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Experimental Setup

6. The general design of the soil—water reaction columns , the

instrumentation (system circuit attached ) to these columns , and the
flow— through system providing constant inflow of synthetic Wild Rice

River water are depicted in Figures B2 and B3. Individua l samples of

soil horizons were trimmed to squares of approximatel y 0.45 m on each

side; these were then each placed into one soil—water reaction column .

To prevent surface vegetation and litter from buoying up when the

reac t ion column was f looded , A horizons were covered with one layer of
sink matting having a diamond—shaped open mesh of 0,6— by 0.6—cm

squares . For each study site , rep lica tes of A horizons were set up
in each of three reaction columns.

7. Prior t .. the i n i t i a t i o n  of an exper imen t , the reservo ir -
tanks were filled with deionized water , and each of the comp ounds
listed in Table Bl was added to the reservoir at the concentrations

indicated. This combination of ingredients was selected as that which

most closely simulates the average yearly composition of the Wild
Rice River (refer to USGS data Wild Rice River at Twin Valley, Minneso ta
Water Year (WY ) 77). The reservoir water was actively charged wi th air
for a minimum of 24 hr prior to ~looding of the soils. Reaction columns

were filled with synthetic Wild Rice River water to the overflow point ,

and the soil—water contents of each unit were permitted to equilibrate

for 1 week with constant aeration and mixing. At this time , an ini tial
sample was taken to provide ba~a~1ine data under aerobic conditions.

Af ter sampling , aera tion was discontinued , and the reaction columns

were sealed off from the atmosphere. Flow—through conditions were

initiated at a rate approximating a 1—year residence time for the water

in the reaction column. The ambient incubation temperature was 20°C,

and the circulation pump achieved a complete turnover of reaction

column wa ter once every 2 m m .

8. Reaction columns were run steadily for  120 days and sampled

for the various physical and chemical parameters except DO at 0, 1, 2,

5, 7, 9, 13, 16, 21, 30, 40 , 50 , 60, 75 , and 100 days. Dissolved oxygen

35
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was measured daily from the initiation of the experiment up to the

point where It was no longer detectable in samples from any of the

reaction chambers (19 days). At this point , measurement of oxidation—

reduction potential was initiated.

9. Af ter 120 days , water from each of four reaction units was

removed and replaced with an equivalent volume of fresh water (approxi—

ma tely 200 9~) .  At this time , one of the columns containing an A
horizon from each of the two study sites was completely emptied and
replaced with a 15—cm—deep B horizon from Site 2. These two replicates

were then flooded with synthetic river water and treated in the same

manner as the remaining four A horizons. Also at this time , the inflow—

outflow rate was increased to give an average residence time of 35 days ,

the maximum flow rate that could be achieved with the current flow—

through apparatus.

Measurement of DO, pH, Conductivity, and Color

10. Dissolved oxygen , pH , and conductivity were all measured on

one 300—mi sample that was collected under nitrogen by permitting water

to flow gen tly from a reaction column sampling port into a standard BOD
bottle. Dissolved oxygen and sample temperatures were determined with

a YSI Model 57 Dissolved Oxygen Meter equipped with a YSI Model 5720

BOD oxygen probe (Yellow Springs Instruments , Yellow Spr ings , Ohio).
Conductivity was measured with a YSI Model 31 Conductivity Bridge using

a YSI Model 3403 Conductivity Cell (Yellow Springs Instruments , Yellow

Springs , Ohio). pH was determined with a standard pH meter , while

color was anal yzed using the spectrophotometric procedure given in
Standard Methods (1971).

Measurement of Oxidation—Reduction Potential

11. Oxidation—reduction (redox) potential was measured using the

± millivolt scale of a standard millivolt—pH meter. Electrodes for

measurement of redox potential were prepared using the procedures o?

86
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Mann and Stolzy (1972). Reference potentials were supplied by a standard

pH calomel reference electrode. Each reaction column had one redox

elec trode reference elec trode se t moun ted in the instrumen t box loca ted
in the circulation pump circuit (~ igures B2 and B3).

Samp le Collec tion, Preservation, and Ana lysis

12. All procedures were conducted under a nitrogen atmosphere to
maintain the anaerobic integrity of the samples. Samples to be analyzed

for soluble nutrients or for total inorganic carbon (TIC) were cleared

of particulate matter by passage through a 0.45—pm membrane filter.

Samples for  par ticula te p lus dissolved organic carbon were not filtered.

— 
- 

Samples for metals analysis were passed through 0.10—pm filters , a

treatment shown to remove all particulate and colloidal metals (Kennedy

et al. 1974). Samples for total sulfide were taken and preserved simul—

taneously using zinc; analysis was conducted immediately using the

titrametric method given in Standard Methods (1971).

13. Samples for total or soluble nutrients were preserved by

immediate freezing and storage at —40°C. Samp l es for TIC anal ysis were

stored a t 4°C in lO—ml serum vials. Metal samp les were preserved by

acidification with concentrated (11.6 N) HC1 added at the rate of 0.2 ml

o f acid per 15 ml of samp le.

14. Metal concentrations were determined using d i re c t  flame

asp i ra tion with a Spec trome tr ics Spec traspan II Ece l le  ~rat ing Argon
Plasma Emission Spectrophotometer (Spcctrametrics , Inc.. And over ,

Massachusetts).

15. Ainmoni um—N and or thophospha te  concen t r a t i ons  in ex t r a c ts

were determined us ing a Technicon A u t o an a l yz e r  11 (Technicon , In c . ,

Tarreytown , New Y o r k ) .

lb .  S u l f a t e  concentrations were determined turhi dimet ricallv

— following conversion of sulfate ion to a barium sulfate suspension.

B7
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Soi l  C h a r a & t e r i z a t  Ion

17 . P r i o r  to any soil analysis , t-epresent at lye amounts ol so i l

samples  I ron each of t h e  St udy id tes were air di- led and th en  ground to

pass a 120—mesh s I eve .

Wat er ext  ract

18. A 40—g subsample of each s o i l  sample was weighed tnt o a

500—m t cent  r I inge hot t 1 e c o n ta in I n g  200 ml of de l  out  zed—d I st i l l  ed W a t e r

ml xt ut-e . The mixture was shaken mechan [cal iv I or 1 hr and cent i-it uged

at ~0OO rpm fo i- 10 is in. The i-esu I t lug  supt, m a t  ant fluid was vacuum

I I I t  ered t hrough 0. 4 S—pm membrane l ilt ems , and t h i s  I l i t  r a t  e was I mmed I —

ate lv frozen at — 60 °C tin t II analyzed I or (‘a , Mn , Cl • K , and 504
— Ammon turn acet at e  e x t ra c t

it). A .‘O— g subsample of each sot  1 sample was weighed Into a

1S0—ml cent i i  fug e  hot t It ’ c o n t a i n i n g  100 ml of I N ainmon tu rn  acetate

p11 4 . S ‘1 . The m i x t u r e  was mechanicall v shaken for 1 hr , cent  m l  fuged

as desc m l  bed above , and then I II ter ed through Q. 4 S— ti m rnembt-ane t l i t  ems

R e s u l t  ing f i l t r a t e s  were a c i d i f i e d  to pH 1 with ilCl and stored in

po I v  e th v  tene hot t les for subsequent anal vs Is.

l iv d  foxy  lam tue ltvd i o t ’h b r  ide ext  i -act  ton

20. A stibs anip Ic of each soIl (200 g d ry  we i g h t  ) was wet  ghed t n t  o

-‘ 2 SO—rn I cent  r I fug e  hot t 1 e co i tt at  ml  ng 100 to I o I 0. 1 M hvd i-oxv I amine

l iv d r o e l , I o r i d t ’  — 0.0 1 H i i i  t n t - acid s o l u t i o n  (Cltao 1 9 7 2 )  - The m i x t u r e

was mechanicall y shaken for  10 mli i  mid cent  ml  fuged as ~ rev i otis 1~-

described. Supet-natant fluids were f t  itered through 0.45—pm membrane

i t  It eis pm I or t o ;tc Id  it t e a t  ion wit it 11NO -l to ph 1 and s t o rag e  In po lv -
et liv! cut’ hot t I t-..~ for  sub seq uen t an a l vs I s .

Tot .i I di~ est ton

.‘ I . A 2 .  ()—g st ibsamp Ic of so i t  was weighed tnt o a Tel Ion beaker

and .‘ S ml of 8 N liNt) -~ was added to this . ‘l’he m ix I t ire was lica t ed  I’’ r

I hr at apprtix m a t  c l v  8.’°C on a hot p lat e  (Carinoth- et al  - I’~ .
i’xt rat- t was t hen t l I t  ered I hi-ough What man No. S I l I t  cis • h i-ought  t o  a

I I i i . i l  vol  t~nie of 50 m l w i t h  d i e t  t i l e d  wat  ci • and st oied tint Ii m u  v -ed

88
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Potassium t’h h ’r l t l t ’ t ’x t l ~ae -t

22 .  A 20 — g s o i l  subsample  was wet glued tnt o a 2 SO—mi ecu I ml  fuge

hot t I e cont a lii i ng 100 ml of I N KC I - The m i x t u r e  was met-han I c a l l  v

shaken fo r  I hi- , cent  i - i f  uged as prey I otis lv  desi’ t~i bed , an ti  t h en  t i l t  ere’d

t h rough  0 . 4 5— p m  f i l t e r s .  The f I l t r a t e  was at - I d I t  led to phI 1 with

coneent ra t  eu tIC I and st ored in polvet liv lent ’ hot t l i’s t int  11 an a l  vs Is .

C a t i o n  ex chan ~ c a n a ly s t s

2 3 . A 7. O—g subsample  of each soi I was s a t u r a t e d  w i t h  ammont um

by s h a k i n g  fo r  I hm w i t h  I N anunon tu rn  at -et  a t e .  Excess antmon tu rn  was

removed by repe t i t  I we w a s h i n g  wit It I sopropv I a I &‘oho I (.h a u ’kson I 958)

The adsorbed amnion I urn was then removed by ex t  i-act I on wit hi a se r i e s  of

2 N s o l u t i o n s  of mixed  K and Ca n i t  rates (1 .2  N KN O and 0_ S  N Ca (NO 1
) -~

respectively) (Tucker 1974) .

To ta l  ~j~J~~~~l n I t r e ~~ ’n

24 .  A 0. S—g subsample  of each s o i l  was weighed i n t o  a m i c r o —

Kj e h d a h l  f l a s k  c o n t a i n i n g  1 .1 g of e-:t t~~l vst (100 g of K ,S0 , • 10 g of

CuS0
4

- 5 H.~0 , and 1.0 g of Se’ ground t oge ther ’) , 7 .0  nil of 11 ,0 , and

3. 0 ml of cont’ent m at  ett 112 SO 4 . Tlit ’ m i x  t ti me’ was heat  i’d fo r  S l i t -  a f t  em

the  ti I gest had c lea red. The d i g e s t  was t hen a l l  owt’tl t o  coo l • t i l l  U t  ed

w i t h  d 1st i ll ed water, and then  f i l t e r e d  q u a n t i t a t i v e  lv t h r o u g h What man

No. 5 f i i  te r pape r i n t o  a 50—ni l vol urne’t r Ic flask - rh i s  so I i l l  ion  was I hen

stored for  subsequent  N 114 —N ama lye is.

Carbon

25 . Tot : t l  organ it ’ carbon was es t Imat  eel by we i gh t loss a t - t em hea t  —

tu g  10 g (oven dry  we I gu t ) of s o i l  for  8 hr in a mit f f 1  e t t i r n a c e  a

400°C (Al l  isoti 1965) . I not-gau l c carbon con ten t  was tict emi t med by

t r e a t  tu g S. 0 g of a sot 1 subsample wI  t hi I N IIC I and t he rne:tstlr t u g  t he

decrease in we t  glit resu I t ing f rom CO 2 loss (A I I I  son c t a I.  I e l i ,  5)

An alv t  t e a l  me thod s
26 . Co nt -ent  r a t i ons  of iron • manganese , pot ass I urn , and ~~ l t ’i urn

were de te rmined  using direct I I  ante aspi i-a t It 11  w i t h  a Spet ’t rarne t mit ’s

Spec t raspan I I  Eec l i e  Cra t i ng Argon h ’l asnia Em i set on Spt’c i-opho t ome t e’r

(Spec t rarne t r ies , I mu’. , Andover , Massat’httset t s ’) . Ammon I t i m — t i l t  rogen

orthophosphate ’ phosphorus , anti st i I f a t e  we’re assessed ace -ot- tI i ng to the
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procedures g iv en In th e’ p r e c e d i n g  se ’etion on samp le co l l ec t ion , pr eser—

vat [on, and a n a l y s i s .

Biochemical Oxygen Demand

27.  B i o c h e m i c a l  oxygen demand (BOD) was determined for triplicate
subsamp les of each s o il  camp be according to the  procedures described in

S tanda rd  Methods (1971) w i t h  the following modifications . To each

300—mi standard BOD bottle was added either (a) a 0.l—g subsample of

soil , (b)  a 0.l0—g subsample of soil along with 5.0 ml of glucose-

gl ut amtc acid standard check solut ion , (c) 5.0 ml of glucosc—glutamic

acid s tandard check solut ion o n l y ,  or (d) no soi l  or s tandard cheek

s o l u t i o n .  Fol lowing the f i l l i n g  of each b o t t l e  w i t h  d i l u ti o n  water  and

ttw s topp er ing  of each b o t t l e , a s andard incubation and [50 determ ima—

tion was c a r r i e d  out (Standard Methods 1971). The 1301) of i n d i v i d ua l

so i l  samples was de termined by d i f f erence, and the results were ex-
trapolated to a milligram of dissolved oxygen consumed by a gram of

substrate in a litre of assay water.

28. Oxygen demand of vegetation for each site was measured on

0.1O—g subsamples of vegetation from each site. As described previously,

samples of vegetation were composited in proportions representative

of the site from which they were taken; these were dried to constant

we igh t a t 80°C and then ground in a W i ley Mill. To prov ide an inoculum

o f decomposer microorganisms , 0.10 g of soil from the situ ’ of origin

of the veget a t ion was incl uded in each of several replicates of vege—

tat ion. Vegetation BOIl was determined by difference between samples

containing vegetation plus soil and samples that contained soil only.
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PART I I I :  RESULTS

29. Results obtained during the present study are reproducible ,

although initial difficulties with the control of the flow—through

system did result in some large variations. These difficulties were

removed by the end of the first simulation, and experimentation follow-

ing the second flooding of the four remaining A horizons and the first

flooding of the two B horizons was accomplished under much more con—

trolled conditions. The results obtained in the first simulation

generally reflect the trends encountered during the onset and continua-

tion of anaerobic conditions as observed both in natural ecosystems and

in bench—scale laboratory microcosms (for details of the general sig-

nificance of these trends, see Brannon et al. 1978). Generally, there

were no significant differences between the geochemical data obtained

from the A horizons of the two study si tes , and , except where specif i—

cally mentioned , the data presented represent averages of the results

obtained with all six reaction columns.

Change From Aerobic to Anaerobic Conditions

Biochemical oxygen demand

30. Values for BOD for the A horizons and for the composited

vegetation from the two sites are summarized below:

Site 1 Site 2 F— Value

BOD of A Horizon l 2 . 3 ( 0 . 8 ) *  9 . 6 ( 1 . 1 )  0.68
(mg 02/ (

~ 
x g) substrate)

BOD of Composite Vegetation 42.5(8. 2) 28.8(7.9) 1.94
(mg 0

2
/ (
~ 

x g) substrate)

* Values given are averages of a minimum of three repetitions.
Values in parentheses are standard error of the mean values in a
5—day test.

The F—values required for significant differences between Site 1 and
Site 2 at the 95 percent confidence level are 6.61 for the A horizons

and 7.71 for the vegetation, respectively . Thus, there is no significant
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difference between the two sites for the BOD ’s of either the soil or for

the vegetation. Therefore , the average BOD of the A horizon is 9.8

(standard error = 1 . 3 )  m g / (~ 
X g) per gram while that of the vegetation

is 35.2 (standard error = 5.6) mg/(9. x g) per gram.

Dissolved oxygen

31. Depletion of DO in the water  columns of the reaction chambers

is given in Figure B4. Aerat ion was terminated in the column s on day 1
of the incuba t ion per iod , and active depletion of DO occurred from this

point until day 19 at which time DO was no longer detectable in any of

the reactors. The reactors became anoxic on an average of 16.5 days of

incubation or 15.5 days after the termination of aeration. During this

time an average of 8.2 mg of DO was removed from each litre of reaction

column water. Since each column contained approximately 200 Q of water ,
a total of 8.2 mg/9~ x 200 9~ or 1.64 

x lO~ mg of oxygen was consumed in

15.5 days for a depletion rate of 106 mg/day. Since the soil was 0.45 m
2long on each side, the depletion was exerted by 0.203 m of flooded

soil surface for an oxygen demand of 522 mg O
2

/ (m 2 x day) a t 20°C.
This computation ignores the contribution of the sides of the soil

sample to the oxygen demand that would tend to depress the demand value ;

however , the cont r ibut ion  of oxygen by the inf lowing water is also

ignored (approx imately 4.5 mg DO/day) , a facto r that would increase the
demand value .

Oxidation—reduction potential

32. The average oxidation—reduction (redox) potential for the six

reactors for the 120—day incubation period is also presented in

Figure B4. Examination of the changes in redox potential with respect
to t ime indicates a rapid initial decline corresponding to the period of

time encompassing the f inal  exhaustion of DO and the onset of anoxic

conditions . Once the init ial  decline is complete , redox potential

levels off  and stabilizes somewhat at approximately —300 my ; this fa l l s
within the lim its of the majori ty of the standa rd err or ba rs from day 25

to day 66. In all succeeding figures , the time interval encompassed by

days 14 through 19 is referred to as the “ transit ion” stage ; this is

bounded on the lef t by aerobic cond i t i ons as indicated by t he presence

Bi 2
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of DO and positive redox potentials and on the right by anaerobic con-

ditions as evidenced by the lack of DO and the existence of negative

redox po ten t ia l s  (Figure 84).

p11 and Conductivity

33. Changes in p11 and conduc ti vi ty for the  100—day incubation

period are shown in Figure 85. The pH decreased rapid ly during the

first 10 days of incubation , af ter wh ich a leveling oc cu rr ed , and the pH
decl ine became nearly linear wi th a very gentle slope of less than
0.02 pH units/day . The initial highly alkaline pH at 0 time resulted

from the buffering capacity provided by the large amoun ts of CaCO
3 

and

MgCO
3 
used in the synthetic Wild Rice River water (Tables Bl and B2) in

order to simulate the high 1evels of Ca, Mg, and HCO
3 

within the

existing river (see USGS data , W ild Rice River at Twin \‘all ey , Minnesota ,

WY 77). The decl ine in pH is probably a consequence of the gradual

increase in total inorganic carbon (Figure 86) and organic acids occur-

ring during and after the removal of [50.

34. Conduc tivity increased throughou t the entire incubation

period , although the increase was more rapid during the first one half

of the incuba tion per iod , and the conductivity curve then assumed a more
gentle but exponential increase towards a final level of 6.0 ‘~ 100
j.imhos/cm.

Carbon

35. Changes in both TIC and total organic carbon (TOC) are given

in Figure B6. There was no significant difference at the 95 percent

confidence level between any of the values for filtered and nonfiltered

TOC on a given samp ling da te af ter day 1 of thie incubation period .

Thus , the values shown in Figure B6 are averages of all filtered and

nonfiltered samples, and all TOC values shown in Figure 86 are con-

sidered to represent soluble constituents.

36. The gradual increase in both TIC and TOG over the i n i t i a l

B13



50 days of incubation is similar ; however , the TIC values are nearly

an order of magnitude greater than their TOC counterparts. The TOC

concentrations peaked at 50 days of incubation and then began a gentle

decline while the TIC concentration continued to increase with increasing

length of incubation.

Ni trogen

37. Four forms of soluble nitrogen were monitored throughout the

100—day incubation period . These include: total Kjeldahl nitrogen

(TKN) , ammonium—nitrogen (NH4—N), nitrite—nitrogen (N02—N), and nitrate—
nitrogen (N0

3
—N).

Total Kjeldahl nitrogen

38. TKN is shown in Figure B7. NH
4
—N is also plotted in Figure 66

because TKN is a measure of the sum of organic nitrogen plus NH
4
—N.

While the values for TKN are always greater than NH
4
—N values for the

same sampling date, some changes in the TKN composition are apparent .

Throughout the entire aerobic phase of the incubation (0 to 14 days),

he amount of NH
4
—N present is negligible while that of soluble TKN is

in the 2— to 5—mg/i. range . Thus, the TKN present initiall y is predomi-

nan tly organic in nature . Once the reactor systems have become anoxic .

NH 4—N begins to  accumula te  in a l inear fashion .  TKN also increases

linearly from day 21 to day 60 and then falls off to the point where the

values f or TKN on day 75 and day 100 are nearly identical to those ef

NH
4
—N for the same days. The difference between the organic nitrogen

and the ammonium nitrogen components of the TKN is summarized by the

f o l l o w i n g :

Percen t
Incubation , days Organic Nitrogen Percent Nl-1

4 —N

0 100 0
21 83 17
40 83 17
60 71 29
75 21 79

100 25 75

B 14
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Inorgan ic nit rogen

39. The various inorganic components of soluble nitrogen are

compared in Figure 88. Ni trate—nitrogen , which is cons idered as an
alternate electron acceptor for oxygen during periods of little or no

DO, declines rapidly throughout the period of DO depletion , but
nitrate does not undergo total depletion until after the transition

period wherein DO is exhausted. Nitrite—nitrogen is a two—way product ,

being produced as an intermediate during the aerobic oxidation of

ammonium to nitrate and , conversely,  being an in termedia te dur ing the
anaerobic reduction of nitrate to ammonium. The occurrence of a burst

of ni tri te during the aerob ic phase of incuba tion tends to suppor t the

first of the two pathways and helps to account for the depletion of

DO shown in Figure B4 and the failure to accumulate large concentrations

of NH
4
—N. NH

4
—N accumulation becomes nearly linear during the anaerobic

phase of incuba t ion , and the accumulation of this constituent demon-
stra ted no sign of stopp ing, even at 100 days of incubation.

Phosphor us

40. Figure B9 presents the changes found in both total phosphorus

and orthophosphate—phosphorus (Ortho—P) during the 100—day incuba tion
period . Both components showed a general increase that commenced with

the start of incubation and continued well into the anaerobic phase of

incubation. Each component showed an increase in the rate of P release

into the water column once the reaction columns had gone anaerobic.

Since the total phosphorus content of these samples includes all soluble

orthophosphates , condensed phosphates, and organic phosphates, the

difference between total phosphates and orthophosphate should give some

representation of the amount of the sample composed of condensed and

organic phosphates. This is summarized by the following:

815
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Incubation Organic + Condensed Percent
days Phosphate/Phosphorus Ortho—P

0 100 0
21 83 17
40 83 17
60 71 29
75 21 79
100 25 75

The trend appears to be for Ortho—P to start out forming none of the

total phosphorus values and to increase to the point where it comprises

approximately two thirds of the total phosphorus present.

Iron and Manganese

41. Figure BlO dep icts the changes in soluble reduced iron and

manganese during the 100—day incubation period . Manganese reduction

appears to precede that of iron by about 5 days , at which point the

accumulation of both of these species appears to occur in parallel.

However , by the end of the incubat ion period , manganese accumulation

appears to have ceased while iron accumulation is still increasing

in almost linear fashion. The apparent depression in iron accumulation

between days 30 and 50 corresponds to the period of maximum sulfide

accumulation in the water column, and , in fac t, a black ferrous sulfi4e
precipitate began to be visible on day 33 of incubation (Figure Bll).

It is possible that iron was being actively released to the water column

during the period of apparent depression, but the removal of iron sul-

fide by precipitation prevented any accumulation in the water column

and may actually have removed more iron than was released during this

period . A similar phenomenon involving manganese carbonate may have

been responsible for the eventual leveling off in manganese accumula-

tion. However, the formation of insoluble manganous carbonate was not

assessed b y any of the procedures.
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Sulfide

Sulfate removal

42. The reduction of sulfate was inferred by the observation of a

disappearance of dissolved sulfate throughout the course of the anàero—

bic phase of the incubation (Figure Bl1). No sign if ican t decrease in
the level of sulfate occurred during the aerobic phase of incubation ,

and the most extensive disappearance of sulfate did not become

apparent until after day 27 of incubation .

Sulfide production

43. Accumulation of sulfide was not evident until after day 27 of

incuba tion , a period corresponding to the maximum rate of sulfate dis—
appearance (Figure Bil). The actual maximum level of sulfide accumula—

tion in the water column is rather low; however , the removal of sulfide

from the water column through the formation of insoluble ferrous sulfide

undoub tedl y accounts for a much larger amount of sulfide (see preceding
section on iron).

Soil Characterization

44. Values obtained in the soil analysis for water—extractable con-

stituents , for extractable chemical constituents , and for general

physical and chemical properties are presented in Tables B3, B4 , and B5 ,
respectively. Four general observations are immediately apparent .

First , with the exceptions of ammonium acetate extractable iron and

manganese , and hydroxylamine extractable manganese (all on Table 64),

there are no significant differences between the soil characteristics .

of Site 1 and those of Site 2. Second , the values obtained for Site 1

are qui te  variable as indicated by the wide range in the 95 percent

confidence intervals around the mean values for each parameter; this

indicates a very heterogeneous sample in support of the heterogeneous

nature of Site 1 soils as described in Part II. By contrast , the third

obse rvat ion is the re lat ive  lack of va r ia t ion  in the values obtained

fo r Site 2 soils as indicated by the generally narrow ranges of the
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95 percent confidence intervals around the mean values for each param-

eter; this indicates a very homogeneous sample. Thus , the general lack

of significan t differences in the soils from the two sites is largely

the result of the heterogeneity of Site 1 samples wherein the standard

of error of the mean of these samples becomes so large as to overlap the

more homogeneous Site 2 samples; this in spite of the fact that the

means of the samp les from these sites are often quite far apart. The

four th observa tion is tha t the soils contain high concentrations of

chemical constituents subject to biological reduction under anaerobic

cond itions . These include water soluble sulfate (Table 63) and

ammoniuni ace tate and hydroxylamine extractable iron and manganese.

Sulfa te, iron , and manganese solubilized by these extractants are

generally considered reducible (i.e., subject to biological reduction

under anaerobic cond itions (Brannon et al. 1976)).

Color

45. The results of a 1—week extraction of the soils with water

under aerated conditions gave the following values for the color of the

water:

Wavelength qf maximum absorption: 576 mu

Hue: Yellow

Percent luminosity: 98.6

A comparison of the changes in quality or intensity of color that occur

in water during sequential floodings is not presented here because , at

the time of this writing, the experiments had entered only the first

2 weeks of the second simulation. Thus, an extensive listing of suc-

cessive color changes is not available at present. More definitive

quantitative information will follow shortly .
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PART IV : DISCUSSION

Changes in Water Quality Occurring as a Result of
Impoundment in the Wild Rice River

46. Results of this study indicated that if the proposed Twin

Valley Lake were constructed as described in the U. S. Army Engineer
District , St. Paul , Final Environmental Impact Statement of February

1975 , the cha nges tha t can be expe cted in the wa ter qual ity proper ties

of the Wild Rice  River  should fo l low the trends presented in the follow-

ing discussion . This discussion is based on the assumption that the

sites sampled are representative of the area to be covered by the lake.

Dep le tion of DO

47. The biochemical oxygen demands of the soils and the vegetation

taken from the two study sites are high and will likely cause a large

dep letion in the levels of DO of the overlying waters , even though the

proposed impoundment will not exhibit strong thermal stratification.

The oxygen depletion rates observed for the first year of inundation of

the A horizon + l i t t e r  layer in the present s tudy do fa l l  close to the

range observed in certain other reservoirs (e.g., U. S. Army Engineer

District , Portland 1978; also the values for the organic soils examined

in soil—water contact columns by Sylvester and Seabloom 1965). However ,

such comparisons made between reservoirs suffer from the overall site—

spec ific properties of the individual reservoirs. Nonetheless , wi th

oxygen consump tIon ra tes of 520 mg 0
2

/ (m 2 x day) for the first year of

impoundmen t , the bottom waters will tend to become anoxic within a short

peri od if the lake becomes stra ti fied with bo ttom tempera tures in the
18° to 23°C region. Actual in—lake oxygen depletion times would depend

on depth of the water column between the bottom of the reservoir and

the hypolimnetic—metalimnetic interface and the nature and fate of
organic loadings entering the hypolimnion from the watershed above the

reservoir and/or from the epilimnion.

48. Once the study sites have been flooded for a year , the oxygen

demand will diminish somewhat owing to the losses of some of the readily
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a v a i lab l e  organ  I c m a t t e r  t hrough decomp os it ion , I ~~ch I ng , and lot
suspens ion  and washout  of p a t t i  cul  at es. h owever , the’ p resent s t udv

makes no pretense of account ing f o r  whatever a 1 t e ra  t ion iii oxygen demand

max’ occur because of Inflow and deposition of Inorganic soil cOflipolielit 5

over t hit ’ e x i s t  I ng A horizons , nor d oes t hi is report exam inc the pot cu t i a 1

sustaining effect or ~~~ rease iii oxygen demand that may occur shiould

add it I ona 1 soil s of the exist tug type be washed i n  aiid depo si  ted , thus

replenishing the existing materials.

49. Re sul  t s  of the present s t u d y  m d  I cate ’ t hat I I the e x i s t i n g  It

horizon of t he soil rena ins una i t  e red by deposition From t he first to

second season , the oxy gen  demand wi l l fall f rom an es t I mat ed 521) t (1

app rox  i m at  clv 4 5 8  mg 0., / (m 2 
“ d ay )  , a dec I i  iw 01 more t h a n  80 mg 0

2
/ (ni

2

~ day)  . Whit ’ t her t h it ’ demand w i l l  be reduced by a s in ii a r ext ent f rom t he’

second to the  t hi rd years of I nunda  t ion cannot be assessed at this t inc .

Should the  hot tom waters rena in ae robic  d u r i n g  t he f i r s t  year  of impound-

ment , a l a r g e r  (lee tease in the  oxygen demand would tend to occur as a

consequence of a more e f f 1  c i  cut  and comp l et  e ut i i  I za t I on of o r g a n i c

m a t t e r  t inder  a e r o b i c  cond i t  ions r e l a t i v e  to anaerob Ic circumstances

(Alexander 1977;  Br ock i 967; Th m ann 1963) . C iven  the rate of decrease

t f l  oxygen demand observed bet ween t he  f i r s t  auth second s irnu I a t  I otis ,

minimum of 5 years of anae rob ic  /ae rob i c cond i t I otis will be requ I red 1 o
dcc rcasc t he  oxygen demand to the h 10 to 1 20 mg 02 /Ifl~~ \ day l evel oh~—

served fo r  t he f i r s t  year  of inundation of lie B hot 1 zon.

Release of ca rb~~~ nit °Z~~’L 
and phosph orus

50. R e s u l t s  o I t he present  st t idy  I tid teat e’ t h a t  r e ’ lease’ of organ i c

forms of - carbon , nit rogen , and phosphorus I ron: t he s o i l  In to  t he wa Icr

~~ I umn occurs  extens i ve h y , even t inder fu 11 v aer . t  t eel conci i t  i oti s.  A

release of o r g a n i c  m a t e r i a l s  I ron these soils Is not s u r p r i s i n g  In  v i e w

o t hit ’ h i g h  levels of organ Ic mat ICr or m a  liv pr ’seiit . The total or-

gan Ic carbon con ten t  of the S i t  e I and 2 A hor I zons average’s 6.8 per-

cen t  ; t his trans tat es to a t o t a l  o r g an i c  m a t t e r  c o n ten t  of I I  . 7 percent

using the trans forma t ion fact or of W I I son and St ake r ( h 91.’) . Thi is con—

ecu t rat ion is  an nyc’ rage of t he en t I re A hior I zon , cxc 1 us i ye o I I he top-

most litter I ave r , bi t t  i n c l u d i n g  a I I underground macro— organic m atter .
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and is higher than the  aver age value  fo r  Minnesota s o i l s , a 1 though

well  w i t h i n  the range f o r  these’ materi als (Buckman and Brady 1969).

51. The values for  the t o t a l  d issolved o rgan ic  and i n o r g a n i c  fo rms

of carbon , n i t r o g e n , and phosph oru s  present ed  here are not necessar ( i v

the a c t u a l  c o n c e n t r a t i o n s  t h a t  w i l l  he achieved in  t he  real sy s t e m ;

such f i n a l  values  w i l l , o f n e c e s s i ty , be d e t e r m i n e d  by the movement of

n u t r i e n t s  f rom sediment  to the wa te r  column and b~ m ix i n g  w ithin the

wate r  column i t s e l f .  Since wa ter  columns of reservo i rs are , under

normal s t r a t i f i e d  c o n d I t i o n s , not as wel l  mixed as the react ion c o l u m n s

used fo r  t h i s  s tudv , the f inal  concent r a t  I ems of I he component nut  r I iMit s

could be much less than  that found in t he  present stud It ’s. In  this

case , however , the c o n c e n t r a t i o n  of n u t r I e n t s  would  incr ease  d r a st i c ~i h l v

towards the bot tom of the w a t e r  column.

52. The maximum levels of o rgan ic  carbon r epor ted  in this study

( a p p r o x i m a t e l y  90 mgR) are s u f f ic i e n t  to t i e  up nearly 250 m g / Q  of 1)0 ,

assuming all  carbon to he m et ah o l lz a b l e  to (‘U , . Thu s, even at more

di  lu t e  concentrations , a c a p a c i ty  to exert  a ROD w i l l  be pre’st’nt . The

n i t r o g e n  and phosp horus values present  in o r gan i c  mat eria Is  a f ter  t h e

release of the lat I cr  f ro n t  the s o i l  do not represent  as much of a direct

c o n t r i b u t  ton to the pooi of p l an t—growth  s t i mu l a t i n g  n u t r i e n t s  as do

t h e i r  i n o r g a n i c  c o u n t e r p a r t s .  I f  t h e  proposed impoundment does go

anoxic  d u r i n g  the f i r s t  year of f i l l i n g ,  the  subsequent  b u i l d u p  of

inorganic  n u t r  t en ts  w i l l  , up to a period of 50 to 1)0 day s , sh ow gradua l

Increases in i n o r g a n i c  carbon , phosphiate—phospliot-us , and amnion inn: n i t  t o —

gem. These substances , i f r eleased down s t r eam or i I r e leased  to  t h e
— stir face waters during the  next  pe r iod  of mix ju g, represent a pot cot i a I

source of plant growth nut r ients . Moreover , the cone en t rat ions of

ammon ium observed here in are h igh :  enough : to cause d i i  I I c u l t  i es wit Ii

b i o l o g i c a l  oxygt ’n demands exer ted  in  dowust ream areas as a consequence

of the b i o l o g I c a l  o x i d a t i o n  of amnionium to nit rate and iii  t r i t e ’
Relea se ’ of  s u l fi d e

5 5 . The sul f a t e  c o n t e n t s  of hot Ii t lie ’ tn t lowing WI Id  R I  cc ’ R i v e r  and

the so i l s  to be i n u n dat e d  arc high. I f  I lie ’ l)ropost’el Impoundment follows

h ’  t r end s observed In  the s tud ten , i t may become’ anox i c and I I  I t
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rena ins a i tu X I t ’ f or  a number  of weeks , there’ i s  a st rung pus s I h i l t  v t h a t

hy d r o g e n  su l  I ide w i l l  be released . W h i l e  the reset It ant levels of

su if fe l t ’  i n  t he’ water can be’ limit vd to a ct’rt ai ii extent by I lit’ I orma I l ou t

and prec I p i t  a t  I on of I n so 1 nIt h e  I errous st il t li lt ’, the puss lb  I I I  I v  canno t

be ’ exc luded  t h a t  some’ o I t lit ’ n ull I di’ w i l l  escape w i t  ii the reset I t  t hat

i t  s r o t t e n  egg odor may he re I e’ased from t h e ’ I :ulw . Mo re ’ 1 ike ’  l v  , h ow—

e ’Ve ’i- • i s t tie ’ p e t t e ’n t  I a I re ’ I e’ase. ~ f s t i l t  id t ’ ( t o  d l  ssol ve ’eh and suspended

p ar t  i ~-u l  i t  c’)  w i t  ft  any  hot t oni w i t  l idr awa I s  made ’ f ron t  t h e ’ r es e r v o i r  and

suh sequt ’nt  odi ’ r and ox~’geu elc’rn;ti:d pr ob I t’ms ele’wu~ I ream I toni t lie’ i liipe )ti nd—

m ent

f -~e h t ’;i~ e’ of i ron and mau~~ine’ne’

54. ‘l’he’ leve l  s o t  i ron and manganest ’ i-el cancel i n t o  the ’ w a t e r

t i t  I unt o by v I r t  t ie of  t ti e’ so I ub I I  i t  v of t l it ’ i t  rt’eluc ccl I oi’ms a t e ’ no I as

h ic ~h as t hose’ ~icti icvcd undt’t’ anaerobic cetnd i t  ions in o ther  s it  nat  (ot i s

liraune’u e’t a I . 19781 . Moreewt’r , t h i s  s t u dy  hid i cat cs that  t lit’ redd I sh

co to  r a t  t oo  wI t  ic -t i  e-an i-i ’ s t i l t  I run : t hi’ ox I da t  ion ot i r on whet: anaerobI c

waters cont a (ii i ng t h it ’ I t ’rr oets I on a t e  t’e lease ’d v i a  hot t on: w i t h —

di- awa 1 s Won Id I ik e ’  I v he not it ’ ee l  no re’ from h ’ t ui’bid I t  I t ’s c rea t t’d 1w

I l o w i n g  i rc’:i o x v h v e i r o x  ides t lta u t by I lie at’ t eta 1 e’O I or pr up e ’r I It’s of the’

m a t e r  (a  I . ‘ t h e ’ co 1 cit impart ed by t hi t ’ move ’me’ti t ol hum Ic ma It ’  r i a I s I rum

so I I i n t o  t h e wat t ’  i- w i i  I I Ik e  I v li t ’ n i O t  t ’ I nt ense’ t ban tha t of i ron ox Ides

I nso I tib he ferrous s t i l l  I tlt ’s do g i v e ’ a h I ae ’k co lo r , but  he’sc t c u d  t o

p rc’e ip i t  - i t  e rap [dl v a nil woti I el I t’nel t 0 rena In i ii t he’ l ake’ . One’c re’—

I e ’: ise ’cl • su ch m at  t ’t ~ i i i  s uxi cl i ~ e t ap I d l v  and t h e ’ pr e~b l enin i-cnn I t  log

lie t i t  rum dt ’ c ’ oe lc ’t s  ( s t i l t  fe te ’ ) and ox y g e n d emand hOt) and 10(1) . Co 1 or

won I d lii id l v  be as st’ i- I  e’US .1 )~ 
i-uI ) I e’n: as I he oxygen elen:anel

Cci 1 uI

‘i i  . l’hn’ I I nd i ngs ot I hi s st uch’ h i d  (~~ at  e t h a t  t he’ ye ilow 4 0  lot

acqti i red by wa I e’rs t hat e mit  a c t  so ti n h a v i n g  h i  g it  I eve’ Is  of o r g a n i c -

ma I t  cr i t :  I he ’ a i t ’ I of this i mpeiuudnivn w i l l  be’ api’ :: ret : I 1 or t hi’ I t i - s t

vea l hot Ii Ii: t h e  w a ter s  I t :  t lie I nt p otui idnie ’ii t and in i t ’ I e ’ i5 i ’S made ’ I rem

i t  . Tb I s w i 1 I h ’~’ t I t u  whe t hu (’r or fl~~f t l it ’ vat t ’r,; become ’ : i t : ~ ’x ic . 1~e~~it  i t s

ol  t i le p r e s en t  sI ti d y h i d  ic ut c t h~ t color is 1 i t t  I t ’ m t  I uen cc d  liv . t u s i ~~ i i .

f l i t ’ cj ( i : I  I I v  of I lo se W : i t  i s  i , t ’u hi  be e t ’ns id e i t’el is r c i c ’t Ii~’ i i ~ h t i s i  : h a l  
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e f f l u en t standards I f  based on color alone (Standard Methods 1971).
However , th e color shottid be little or no worse that : any of the n a t u r a l

lakes in the same region o the country and would be considered to have
only a m inor impac t on wa ter quali ty , unless the water Is intended te l

serve as a source of potable water supp ly; in this case , increased
treatment costs would be incurred.

pH and conduc tiv i tv

56. Thc~ p11 will decrease under anaerobic conditions , bitt the huge

buffering capacity of the  carbonate—bicarbonate buffer system prevents

the pH f r om dropp ing to unacceptable levels. The increase in conduc-

t i v i t y  observed in t h i s  study i n d ic a t e s  a gradual  increase in dissolved

substances under  a n a e r o b ic ’ c o n d i t io n s  and this Is confirmed by the

observed increase in inorganic forms of carbon , n i t rogen , and phosphorus .

influence of Site Preparation on Water t1~~ li ,ci

I n f l u e n c e  of c Iearin~~~ n water quail ty

57.  The r e s u l t s  o b t a i n e d  in t his  s tudy i n d i c a t e  that the ROD of

t l:t v e g e t a t i o n  f rom the  two s tudy  s i l t’s is qet i t t ’  high , an average 5—day

demand being approx ima te ly  35.6 mg 0 , / f  of water  per gram of v e g e t a t i o n .

‘l’lie samples of v e g e t a t i o n  were predr  led and ground in order to  o b t a i n

a uniformity of s u b s t r a t e  to enable site’— t o — s  i t t ’  and v e g e t a t i o n — t o — s o i l

compari sons; th is would tend to increase the BOD values to some extent

becaus e of the effect of increased surface area etpon microbial availa-

bility and colonization (Alexander 1977; Sylvester and Seabloom 1965).

However , the data do f a l l  w i t h i n  the  range of values obtained by other

invest igators (Sylvester and Seabloom 1965; Feng and Hyde 1967). The

valetes for the vegetat ion are three to  four times that e’xerted by t h e  A

hor i zon samples tested. The common pract le’e’ of removing vege ta t  ioti onl\ ’

In the flood pool region where residetes of dead trees and shrubs can

have nega t ive  a e s t h e t i c  impac t s  r e l a t i v e  to r ec rea t ion  w i l l  probably

a iso be d e s i r a b l e’ fo r  the present impoundment. More spec i i i  cal  lY ,

however , the  vege t a t  [on on the sites examined has a l a rge  shruhhv  and

herhaceous component (U. S. Army Engineer District , St .  Paul 1975) ;

1123
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thus , the BOD of this material is exerted by substances that are rela-

tively easily decomposed when compared with a mature, climax forest.

Removal of bottomland vegetation would considerably reduce the BOD of

the sites studied (per square metre basis). This procedure would reduce

the project ’s impac ts on wa ter qual i ty , par ti cularl y in the first 1 to
3 years after filling.

Influence of soil removal on water quality

58. The A horizons of the study sites together with the litter

layers have a large BOO , and this is reflected in the rapid oxygen

depletion rates observed in the soil—water reaction units. Removal of

the A horizon would decrease the oxygen demand approximately f our fo ld
for the first year of flooding , and al though the oxygen demand of the B
horizon is sti ll qu it e high , the lower demand of the B horizon in con—

j unction with the predicted tendency of the reservoir to undergo inter-

mi ttent mixing would probably preclude the development of pr olonged
anoxlc cond itions . Moreover , preliminary results obtained in the

studies of the B horizon suggest that this layer will release a much

lower level of plan t growth—supporting nutrients to the overlying water

column. Note that no attempt is made here to anticipate the amount or

nature of A horizon materials that will enter the reservoir from up-

stream areas and settle in the reservoir. Obviously ,  ma terials  ut a
highly organic nature will tend to aggravate the DO depletion; those of

a more mineral nature will tend to seal off the bottom of the reservoir

after deposition and , thus, would lower any oxygen demand , It shoi~t1d

also be noted , however , that the A horizon is relatively deep (25 to 46

cm), rendering removal an extremely expensive proposition .

Influence’ of filling
p~ act lees on w a t e r  qua lity

59. Because both the color and oxygen demand problems improve upon

re’floodlng and reexposure of the soil to fresh waters , the practice of

f 1111mg and flush ing the impoundment two to three times prior to final

f i l l i n g  shottld have a positive effect on reservoir water quality . h ow—

ever , s ince  much of the aging process depends as much on the breakdown

of modera tel y degradable components (cellulose , hemicellulose) as on the

B24
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movement of readily soluble components out of t h e reservoir , those

filling practices which tend to acceleratt’ degradation of organic matter

while avoiding severe BOD problems are adv isable. This suggests a

sequence involving two or three flushings to remove easily soluble or

leachable componen ts, followed by slow incremental filling to keep the’

reservoir shallow for as long as nossible to promote oxygen exchange

with the atmosphere and consequent efficient decomposition of organic

matter.

B2 5
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PART V: CONCLUSION S AND RECO~~tENDAT 1ON S

60. Impacts of reservoir construction and operations will be

minimal and limited to additions of color (yellow) and soluble organic

forms of carb on , n it rogen , and phosph orus to the wa ter , provid ed the

proposed reservoir does not stratify for more than 8 to 10 days. Under

aerobic condi t ions, the impact of the organic material on water quality
Is larger in terms of the ROD exerted by the material itself than the

concentrations of plant nutrients that may be accumulated. The magn i-

tude of the oxygen dema nd depends on the residence time of the wa ter in

the reservoir. A period of successive initial fillings and flushings

should minimize this demand because short residence times should promote

good d ilut ion and be cause soluble and leachabl e compon en ts w i l l  be

read ily removed .

61. Anoxic conditions can potentiall y develop during the first

year if stratification persists for longer than 14 to 19 days. Once

anaerobic conditions have developed , bo th organ ic and inorga ni c f orms o f

carbon , nitrogen , and p hosphor us predomina te f or the f i r st few week s of
impoundment , but anunonium nitrogen and ortho—P make up increasingly

larger por t ions of total n it rogen and phosphorus as anaerobic incubation

cont inues .  Accumula t i on  of inorganic carbon , ammonium-nitrogen , and

ortho—P will continue to increase throughout the entire period of

anaerobic incubation. Bottom withdrawals from a reservoir under these

condi t ions  would release s i g n i f i c a n t  concent ra t ions  of inorganic  f orms

of carbon , ni t rogen , and p h osp horus. These nutrients could also he

released to the surface waters during periods of wind induced mixing .

62. After 27 days of incubation (average 11 days of anoxic con-

di t ions) sulfide accumulation was observed in the studies. The detec-

tion of sulfide in the water column corresponded to the observation of a

black precipitate of ferrous sulfide and the rotten egg odor charac-

teristic of hydrogen sulfide apparent in samples taken at this time .

Bottom withdrawals under these conditions would have sttlfide prob lems.

63. Studies of the BOD of composite vegetation from both site ’s

studied indicate that the vegetation will have a ROD approx im at e ’lv

B26
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fou r  t lint ’ s t h a  t eu t he  A horizon o I the soil . The’ shrubbv and he’ rb a—

d’t’OtiS nature eil muc h elf t h e ’ vt’ge t a t  I ott i t  I lie’ s t  tid~ si te ’~ I tid f ea t  en t ha t

nut-I: of t he  growth : is 0 I an e a s i ly  dt ’composahl e n a t u r e ’ . Removal  o I t hi is

1101 1 u n h a n d  vege t a l l  on nhou let t t: :prove the  oxygen dema nd . al though:

ejuant It at lye d a t  a a re  not ava ii ab h e ’ at  t h i s  t I me. ‘Flit’ In I t  i a 1 oxygen

d emand ot  sanip les 0 I A h o r i z o n  + l i t t e r  f rom the  studs’ s itt’ was apprelx I —
mate1~- S20 mg O.1 / ( m~ ~ d a y ) .  ‘ibis demand decreased a p p r o x i m a t e ly  80 mg

0,! (n: x day )  a ft e r  mere than 100 day s  of f l o o d i n g  fel l lowed by re’ae ra—

l i o n  for 1 week and exposure’ to a column of fresh: vat t’r uncle ’r a 1 r~_ e lav

ret e’nt I tIn t i me s i mu 1 at ion.  Br c’ont r a n t  • the’ oxv gen demand of tIlt’ 11

hot I ~oi: f rom t h e  second st t t eh ~’ s f t c ’ was less t h an  120 mg 0.,! (m ~ day)

suggest lug that renewal ot (hit’ A horizon d’eluld yield a fout-fold improve ’ —

mc’n t in t he  oxvg e’n demand .

(i4. A sen t’s of fill tugs anti I lu sh i l n g  prior to the ’ m i t  t a t  f i l l i n g

of t h e ’ rest ’ ry e ’ it  t oil elWe’d b\- a per I oct 01 i ncrt’ment a 1 t III I ug is sug—

ge’s ted as an a~)pr0ae ’ht t o  m i n i m  1 ~~&‘ the imila c  I elf f l oo d i n g  an area t hat

celnta itis large levels 01 organic m a t t e r  in the A hon zon elf its minera l

soil.

P.2 7
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Table Bl
Compounds Added to Flow—Through Water Used for Twin Valley Study

Concentration Cation AnionUsed Concentra tion Concen tra tionCo~ponent mg/P. mg/P. mg/P.

CaCO
3 212.00 84.90 127.00

MgCO
3 125.00 36.00 89.00

Na
2

SO
4 57.30 18.50 38.70

KC
1 7.55 4.00 3.55

Totals 402 143 258

Table B2
Total Contributions of the Various Constituents of the Flow—Through
Water Based on Solubility—product and Equilibrium Considerations

Ca~~ = 16.0 mg/P. Cl = 3.55 mg/P.

Mg~~ = 36 mg/P. SO
4 

= 38.7 mg/P.

Na~ = 18.5 mg/P. Co3 = 0. 75 mg/P.*
K = 4.00 mg/P.

* Even though total C03 added was 127 + 89 or 216 mg/P., the solubilitywas limited_due to the high initial pH (8.5—9.5) and the equilibriumCO
2 ~~ HCO3 ~~ CO3
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Table B3

Concen t r a t i ons  of W a t e r — E x t r a c t a b l e  Chemical  Cons t i t uen t s

in Soils From the Impoundment Area of the

Proposed Twin Val ley Lake, Minnesota

Concentration , ~ig/g soil* Calculated
Constituent Site 1 Site 2 F_Value ** , t

Calcium 114.0 ± 41.6 72.4 ± 13.2 5.12

Magnesium 22.9 ± 10.3 19.9 ± 5.72 0.37

Potassium 28.1 ± 10.5 16.8 ± 9.5 3.66

Sulfate 95.7 ± 51.8 87.3 ± 25.1 0.12

* Values are expressed in terms of 95 percent level of confidence.

** F—ratio as obtained by sums of squares analysis of variance.
t Required F—value for s ign i f icant di f f e ’r e u c e ’ at 95 percent le ’vcl of

confidence is 6.61. 
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Table B4

ConL’entrat ion s  of Ex t rac table Chemical Cons t ituen ts in
Soils From the Impoundment Area of the

Proposed Twin Valley Lake, Minnesota

Concentration, ~ig/g soil* Calculated
Constituent Site 1 Site 2 F_ V alu e **, t

Anunonium ace ta te  e x t r a ct a b l e

Iron 98.6 ± 39.1 34.1 ± 3.42 15.5
Manganese 24.6 ± 10.6 7.3 ± 3.6 13.9
Orthophosphate—P 7.8 ± 8.4 9.7 ± 1.8 0.28

KC1 ex trac tabl e

Anunonium—N 6.4 ± 4.5 4.4 ± 4.13 0.60

Hydroxylamine extractable

Iron 35.3 ± 38.6 52.8 ± 7.1 1.14
Manganese 271.0 ± 32.8 340.0 ± 49 .9  7 .b 4

* Values are expressed in terms of 95 percent level of confidence .

** F—ratio as obtained by sums of squares analysis of variance.
t Required F—value for significant difference at 95 percent level of
confidence is 6.61.
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Table B5

General Phy sical and Chem ical Proper ties of Soi ls From

the Impoundment Area of the Proposed

Twin Valley Lake, Minnesota

Concen tra t ion* Calculated
Constituent Site 1 Site 2 F_Value ** , .f.

TKN , ijg/g soil 3566 ± 3215 3290 ± 329 0.04

To tal i ron , pg/g soil 9458 ± 2595 9463 ± 630 0

Total  manganese , pg/g soil 393 ± 99.0 411 ± 20.8 0.18

Total p hosp horus , l ig/ g  soil 501 ± 117 511 ± 37.4 0.04

Cation exchange capacity 22.4  ± 17.7 22.2 ± 1.4 0
meq/lOO g soil

TOC , percent  7.1 ± 7.7 6.5 ± 0.2 0.04

TIC , percent 0.7  ± 0.1 0.7 ± 0.1 3.38

* Values are expressed in terms of 95 percent level of confidence.

** F—ratio as obtained by sums of squares analysis of variance.
± Required F—value for significan t difference at 95 percent level of
confidence is 6.61.
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APPENDIX C:

PROJECTED ESTABLISHMENT AND GROWTH OF AQUATIC MACROPHYTES
IN PROPOSED TWIN VALLEY LAKE

by

John W. Barko
Environmental Laboratory

U S. Army Engineer Waterways Experiment Station
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1. The presence of particular inacrophyte species at a site depends

on success of dispersal and su i t ab i l i t y  of the environment.  Downstream

dispersal by vegetat ive propagation and b y seed is common in r ivers .

Thus, any macrophy te species upriver from the proposed Twin Valley

impoundment are candidate colonizers. Other methods of dispersal

(e.g., transpor t by waterfowl) may promote the colonization of macro—
phy tes no t presen tly existing in the watershed . Thus , most macrophyte

species in temperate Nor th  America could potentially colonize the im-

poundment. However , on the bas is of probability of propagation, the

macrophy te commun ity will mos t likely be comprised of spec ies present ly
in the area. A listing of these species can be found in the St. Paul

Distric t f inal Environmen tal Impac t Sta tement .

2. Because of changes in the relative suitability of the environ-

men t to d if f eren t species , community composi t ion will undergo con tinuous
and unpred ictable al tera tion associated wi th postimpoundment oscilla—
tions in the aquatic environment. Species equilibrium within the com-

mun ity will no t likel y be achieved for many years. During this period ,

the success of establishment of any particular species will be stochasti—

cally de termined , bu t will be highly dependen t upon spec i f ic dispersal

ability.

3. Once a species is able to reproduce at a rate exceeding its

ra te of mor tali ty,  it can be considered successfully established . In

uncolon ized , yet suitable, environmen ts plan t growth ra te is very rap id

following establishment. As species begin to compete for environmental

resources , they become sorted along specific environmental gradients.
The evolutionary development of different life forms of aquatic plants

has cased competition among species and thus maximized their utilization

of environmental resources. The life forms of aquatic plants are given

below with specific examples:

Life Form Example

emergen t cattail

floating leaved waterlily

submergent  pondweed

free  f loa t ing duckw eed

C2
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4. Members of the first three categories (emergent , floating

leaved , and submergen t p lants) are rooted and attached to a substratum .
Free—floating plants often have roots, but these do not function in

attachment. Emergent aquatic plants , although adapted to constant or

periodic standing water , are most similar to terrestrial plants. These

have eas ily dis tinguishable and functionally separable aerial and rooted
portions. Submergent plants are the most highly adap ted to the aquatic

environment. These plants remain totally submersed throughout their

l i fespan , lack structural rigidity, and ther ef ore are dependent upon the

buoyancy of the water for their support. Float ing—leaved p lants  are

intermediate in form between emergent and submergent life forms and

have characteristics of both . The existence of emergent , suhmergent ,

and free—floating life forms is like ly in Twin Valley Lake. However ,

fluctuations in water level may impede the establishment of f loating—

leaved plants , which are more sensitive to changes in water depth during

establishment than the other two life forms .

5. Once established , the growth of aquatic plants becomes dependent

mainly on light and sediment , although temperature is also important.

The re la t ive  importance of these factors varies with the environment;

however , light penetration into the water is usually considered to be

the factor limiting the uepth distribution of submergent plants. In

Twin Valley Lake , light is predicted to become limiting at a depth of

approximately 3.3 m . In Figure Cl potentially col on izable lake sur face
area on the basis of light penetration alone is indicated . This area

represents approximatelY 46 percent  of the lake surface.

6. Emergen t vegetation is obviously unaffected by light (in terms

of limitation), but normally will not grow in water depths exceeding ap-

proximately 1 m . Thus, emergent plants in Twin Valley Lake will he

restricted to immediate shoreline regions .

7. Since the majority of macropnytes are rooted , their growth and

distribution are markedly a f f e cted by sediment type . The role of sed i-

ments in the nutrition of macrophvtes is important because nutrients .-an

be absorbed from the sediment by the roots. For the most part , regions

of nutrient absorption depend upon the relati~- e ava Ilabil ity ‘i

C 3
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nutrients with respect to the distribution of plant tissues having an

absorptive capability . Nutrient uptake by emergent macrophytes , which

have extensive root systems and little absorptive surface exposed to the

water , probably occurs almost exclusively from the sediment. In the

case of submergent and floating—leaved macrophvtes, nutrients may be

absorbed from either the sediment or the water. However , recent evi-

dence has suggested that the roots of these life forms are functionally

similar to those of emergent macrophvtes. The nutrition of these life

forms is probably much more cotmnonly sediment based because of the

greater availability of nutrients in sediments. Predicted high sed i-

men t loads into Twin Valley should provide an ideal nutritional environ-

ment for rooted macrophytes. Likewise , however , sediment—associated

turbidit y with consequent reduced light penetration may locally impede

the distribution of submergent plants.

8. The influence of high macrophyte density on water quality could

be important because of the extensiver.~ss of the l ittoral zone in the

proposed impoundment. For examp le , recent evidence indicates that

rooted plants may significantly affect pelagic and sedimentary nutrient

cycles by returning to the water column nutrients that would otherwise

rema in sorbed to sediment particles. Releases of nutrients from macro—

phytes  are dependent upon tissue sloughing and decay . These processes

occur throughout the growing season and may provide sustained nutrient

inpu ts supporting phvtoplankton productivity during periods of reduced

in f low , when nutrients might otherwise limit algal growth.

9. The pr imary effect of water temperature on macrophvtes is on

species compos i t ion  because d i f f e r e n t  p lan ts  o f t e n  demonstra te  distinc t

temperature optima . Indirect effects of tempera ture  are complex , but

nonetheless important. For example , the solubilitv ot gases and rates

of m i c r o b i a l  m i n e r a l i z a t i o n  of organic matter are temperature—dependent

processes tha t can affect both plant growth and the influence of p l a n t s

on n u t r i e n t  cycles .  Water  t empera tu re s  in Twin V a l l ey  Lake wil ’ he

within a range supportive of most macrophvte species in temperate

regions of the country.
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Table Dl
Sui~~~~~~~oL Initia l Conditions for Ecological Simulations

_______ 
P a r a m et er  1971 1975 1976

J u l l a n  day 100 109 87

Poo l elevation , in 9.5 10.6 9 .5

Fish

Predators  ( F I S H ! )  ,* kg /ha  10 10 10

P i an k t lv or e s  ( F E S U 2 )  , kg/ba  20 20 20

Benthos feeders (F1SII3), k g/ h a  44 44 44

Water ~~~ lit  V P~l t ; ul1k’t crs

Algae 1 (ALCAEI) , mg/~ 1.0 1.0 1.0

Al gae 2 (ALGAE2), rng/~ 0.1 0.1 0.1

A l k a l i n i t y  (ALK ) , rng/~ 190 192 220

Bi’nthos (BEN). mg/rn  1650 1650 1650

Ammonia (N 113) , mgi N 0.04 0.07 0 .20

N i t r i t e  ( N0 2 ) ,  mgR N 0.0 0.0 0.0

N i t r a t e  (N03) , m g/ i  N 0.10 0.54 0.34

Fecal c o l i f o r m s  ( C OL ) ,  co lon ies/ l00  ml 58 58 20

Detritus (DET), mg/~ 3.4 3.4 3 .4

Dissolved organ i c s  (D O R ) ,  rn g/ ’~ 5.5 5 .5

Dissolved oxygen ( 1)0) , m g/ c  13.4 13.0 13 .2

Orthoph osphate (I’04), mg/c V 0.04 0.04 0.05

Organic  sed iment (SED ) , mg/rn 2 5600 5600 5600

Temperature (TEMP), °C 3.4 4.1 3.6

Total dissolved solids (TDS), rng/~ 264 28~ 284

Zoop lank ton  (ZOO) , m g/ c  0 .2  0 .2  0 . 2

pH (P U )  8 .2  8.1 7.9

* Acron~~ in parenthes is  represents  the va r iab le  name used in  the
U.  S. Army I’ng nec i- Wa t e rwavs F~xpt ’ c (mont  St ~t I on (WFS) version of the
Wat ci Qu;i I 1 ~ for R iv, r—Rescrvoit- Systems model .

1)2
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Tab it’ 1)2

(‘~~ t I to tents f or  Base S i m u l  a t  Ion

Pa raInt~ t ~‘ r Lot ’ I I Ic lent

P hy s i c a l  ooet  I Ic tents

T u r b i d  I t  v f a . -t o r  (TU R B )* 1

t’:v a por a  t I vi’ wind I unc t Ion (AA+BB *W I N I ) )

AA 0 in! ( see—mb )
t) _

~~BR I . 1 ~ 10 nib

M i x i n g  coot  I lett ’nt~
Stab 11 Ity p a r am et er  ((~SWIl ) 7 . 0  ~ 10~~ ~~~
Wind m ixing coot I li’lent (Al) LI) “ l0~~
ilvpoi imuet 1- dli ins Iv it v ~A 2 )  5.0 ~ 10 rn l ace

Me ta  I inlne’t Ic to ot S tel cut (Al) —IL

• Ext  m e t  ion coot  f t c  t e n t  (EX CO ) 0. in

Su il  :u-c rad t a t  ion f r a c t i o n  ( SI1RERAC ) 0.

Crit teal adveet lv i ’ d e n s i t y  ( CIW N S)  2 .0  k g / r n  l

Reae r a t  ion t o o t  t I c  iont  s
— (I

Oxy g en (t ) M02 ) 2 .0 4  10 ~~ ~~~
Carbon d i o x i d e  (I )MCO 2 ) .‘ .04 ‘

S tot oh I t ’rnt ’t rv

02 — NH 1 (02N }l 3) 
~ . ~

1)2 — N02 (02N 02 )  1 . 2

02 — Dot i i t  us (O2 DET ) .0

IL’ — Respirat t on  ( O 2 R K S P )  1 .(~
02 — Alg a l h tornass &IL’FAC ’) I .

C02 — Di ssol vt ’d organ I ca (CO2DO R ) (1 .

I )t ’ . iv I-a t Os

Dl sao I you o I u ’~ali I t’ ;  (T IX1RI )K ) 0. I ‘ per uI:i~’

Anmion I a (TNU InK) 0. I 8 p ’i day

N i t  1 1  t o  (TN O2DK ) 0. 4() p ’r  day

(Cont  ln t i t ’t l )

* i\e ronvui In p ar en t  lies is rt ’p t -esont s ( lie ~‘a r I ab It ’  namu ’ usod I n  I he
W I S  v er s i o n  ot t he  Water Qua l I t v I or R iv t ’t -- i ~ea t ’ vu ’ 1i Svst  ems mode l .

(Sheet I o I 
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Table D2 
(Continued)

ficiefl~-

Decay rates (cant d)

Coliforms

(QIO) 

i.04

(TCOLDK) 

1.4 per day

~~~~~~~~~~~~~eter

Algae
Chemical 

compOsjtt0fl

C 
0.45 

0.45

N 
0.08 

0.08

P 

0.011 
0.011

(TPM X (i) )  
1, 42 per day 

1.61 per day

Gross prodUCtlO~ 
rate

Temperatu re rate

multiPliers

Lower threshold 
(Ti) 0°C

Op t imum (T2) 18°C 
20°C

Optimum (T3) 
22°C 

27°C

Upper threSh0~~ 
(T4) 28°C 

36°C

gal f_sa tUratb0t~
coef f icieritS

CarbOfl (PS2C02(1~~ 
0.10 mg/ i 

0.10 mg/ i

~jtrOgefl 
(PS2N(1)) ~ .014 

mg/ i 
0.010 mg/i

PhOSPh0tUS 
(VS2P04(1~~ 

0.003 mg/ i 
0.006 mg/i

Light (PS2L(I)) 
6.0 kcal/m

2/ht 
4.0 ~ca1fm

2/ht

ReSPiratt0m 
rate (TPR~ S~

) 0.11 per day 
0.17 per day

8~~t1ing 
rate (TSETL(1)) 

0.3 rn/daY 
0.1 rn/daY

Self~ 5h~~
t
~~ 

t~oe [fidt~~
t 0. 1- per a_mg / i 

0. 1 per

01 ~~

1)6
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Table D2 (Continued)

Parameter Coefficient

Zooplankton

Chemical composition

C 0.45

N 0.08

P 0.012

Assimilation rate (TZMAX ) 0.505 per day
Temperature rate multi pliers

Lower threshold (Ti) 0°C

Optimum (T2) 20°C

Op timum (T3) 26°C

Upper threshold (T4) 36°C

Assimila tion efficiency (ZEFF1C) 0.65

Feeding preference

Algae 1 (PREF(1)) 0 .7

Algae 2 (P R E F ( 2 ) )  0 .3

Detritus (PREF(3)) 0

Half—saturation ct,efficient (ZS2P) 0.2 mg/f

Mortality rate (TZMORT) 0.005 per day

Respiration rate (TZRESP) 0.2 per day

Detritus

Chemical compos it ion

C 0.32

N 0.07

P 0.009

Settling rate (TTSETL) 0.15 m/day

Decay rate (TDETDK) 0.09 per day

Benthos

Chemical composition

C 0 . 4 7

N 0.08
p o .oi i

(Cont  inued)
( Sheet I ol “ ‘I
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Table D2 (Continued)

Parame ter C o e f f i c i e n t

Benthos (cont’d)

Assimilation rate (TBMAX) 0.04 per day

Temperature rate multipliers

Lower threshold (Tl) 0°C
Optimum (T2) 20°C

Op t imum (T3) 26°C
Upper threshold (T4) 36°

Assimilation efficiency (BEFFIC) 0.6

Half—saturation coefficient (BS2SED) 200 mg/rn
2

Mortality rate (TBMORT) 0.005 per day

Respiration rate (TBRESP) 0.016 per day

Coef f ic i en t
FISH 1 FISH 2 FISH 3

Parameter 1 = 1  1 = 2  1 = 3

Fish

Chemical compos it ion

C 0.45 0.45 0.45

N 0.08 0.08 0.08

P 0.011 0.011 0.011

Assimilation rate
(TFMAX(I) )  0.013 per day 0.014 per day 0.014 per day

Tempera tu re ra te
mul tipliers

Lower threshold (TI) 0°C 0°C 0°C

Optimum (T2) 25°C 25°C 25°C

Optimum (T3) 29°C 29°C 29°C

Upper threshold (T4) 35°C 35°C 35°C

Assimilation efficiency
(FEFFIC) 0.8 0.8 0.8

(Con t inu ed) 
__________
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Table D2 (Concluded)

Coeff icient
FISH 1 FISH 2 FISH 3

Parameter I = 1 1 = 2 I = 3

Fish (cont’d)

Hal f—saturation
coefficients

Fish (FS2FSH) 5.7 kg/ha —— ——
Zooplamk ton — De tri tus

(FS2ZOO) —— 0.76 mg/ f .  ——
Benthos — sedimen t
(FS2BEN) — —  -- 7.0 mg/ .l

Fraction of diet

Sediment (F3SED) —— —— 0 .45

Benthos (F3BEN) —— —— 0.55

Mortality rate (TFMAX) 0.002 per day 0.002 per day 0.002 per day S

Respiration rate (TFRESP) 0.008 per day 0.008 per day 0.008 per day

(Sheet S of 5)
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Table D3

1971 Water Quality Updates

— 
Parameter  

— 
Update

ALG 1, mg/ i Assume = 0.37

ALC 2, mg/f. Assume = 0

ALK , mg/ i ALK(I)  = 2 4 6 ( F L 0 W ( I ) Y °~
°76 R2 = 0.51

BOD, mg/i Assume = 5 . 5

NH4-N , mg/ i Assume = 0.04

NO2—N , mg/i Assume = 0.0

N03—N , mg/ i N O 3N (I)  = O. 025 l (FL O W( I ) ) 0’41 R
2 = 0.80

COL , colonies/100 ml Assume 58

DET—C , mg/ f Assume = 3.4

DO , mg/ f. Assume 94 percent  sa tura t ion

P04— P , mg/ f .  P O4P(I )  = O.0235(FL0W(I))°~~
4 

R
2 

= 0.92

TEMP , °C Generated from air temperature residual

TDS , mg/ V. TDS(I)  = 3l6(FLOW(I )Y ° °55 R 4 
= 0.50

ZOO , mg/i Assume = 0

PIt Assume = 8.2
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NUTRIENT LOADING CALCULATIONS
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‘lat it Fl

Nut r t en t  l oad in~ M~ dt ~ I s  and Phesp lit ’ i ns

Ret e~~~ (o n i p i t (o t t  

- ~~~~ 
1- qu it ~~~~~~ -

• 1)11 Ion and R t g l er  t19741 — 
I I t  R I

K ir c h n e r  and D ( l t o n  1 ( Q I S )  K ~~~~~ exp t-O. 2 1 q~ I
+ 0. S ‘ exp ~—O .OO 949  q , l

larsen and Mer e ie’r (l976~ 
1* 1 - ~ } (1 - Hp)

larst it and Mere icr (l~ 7~ l Hp /
1 + ~~~~

’
~

F Vol tcnwe t~lcr ( l ’ 7 ~~ 
I = tlO-~O1 q ti +

V~~l lenwe (der ~ ~ 
( P  - -

~ S~~~ I + (
~~~

* See ret e’re ’nees . i t  end of ma In text

NOTE : { r’) = average’ phosphorus concen tr at  (on , mg/in 3

1 umna 1 phosphorus  loading , gf (m~ vi- 1

H , Hp re te n t 1 en eoe ff ict&’n t s

z mean dept h , m

— flushing rate per yea r , v r l

q — area l wat er load or Q/A

Q annual out f l o w , m ~/vr

A Surface area of impoundments , m

{
~

} — average m l  luent P concent rat ion

I. — cr It  t ea  I annua l phosphoru s  loading , g/ (n( ‘ yr1
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1.i t  It 1- .

l i-ed i t  . d  \~~~~i i s ’ lit —I .il’~ I l i t  I io t -us Con~~~n t i - i~ io n s , n~~
it K t ~~~i’ t s~ I oil l- ftii.I t l i t  vs. Me au Cont ent r . t t i c i t

1q 7 1  
- - - - 

19 / 5

— 
Met hod 

— - - 
Mass Cone Mass Coite Mass Con~

V o l  t cnwetde r I 1976) 5 2 46 64 19 49 4

larsen ~ Mere icr (1976) 5 .’ 46 64 19 49 41

Dillon & R ig l er (1974) 47 4~ ~s 4’~ 30 35

- - - - 

1’

l ab l e ’  F’~
I’ i’op lt i ~ t i  I t I nd~~x ( I S  I I  ‘ . i l e u l a t  ed I von l’ted i e t ~l l i t — I  ~t L e

}‘li sp lt ot’ ti~ Coi;~ eut r it i n ~ (C.irl ~~~ii l~~~7I

1971 
- 

1~ 75 1~~;

Phosp hio rti~ 1’~j ti i t i ’i t  So t i r ee ’ Mass Cone Mass Cone M i ss Cone

Vollc nw e t~Ier tl ~~’61 61 59 64 60 t’O S5

larsen & Me rcier (1976) 61 59 64 60 t’O 55

D I I  let n ~‘, R i g l e r  ( 1973)  (tO 58 64 60 S7 55
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tabl e ’ I I

Eq u a t i o n s  U sed I _l~r~~1i~~t Ch1oiop l!y11 Coiiei~n t r.t t i  oti s

( ‘l i l o r op h v l  I : \ t t . i1 V s t s

V~~l 1enwetd~~t- ~I9 b) [ c l i i i]  — 0. ltL’ [ r ]  0.91

[)l1i ~ ii & R ig le r (19’4) log 10 [ch’ia ] — 1.45 log
10 [i’ ] 

— 1.1 - I

Car 1~~on (l9,~~) in [ciula ] — 1.449 in  [
~~1 — 2.442 Ju 1—A u e~

N o t e ’: clii a cli lo rophv ii .1 dOf lCt~f l t r.i t ion , ~g /
I’ = iVt r 15e’ phi ’ sphorus  concent  r a t i o n , m g / r n  1

Table FS

r r e d i e t ej  Ch i or  iv i l  C on c en t r at i on s  ,‘~~~~for  Proposc I
Twin Va 11ev lake Based on Est f inated

Phosphorus Cone’en t r a t  Ions

1971 1975

~~~~~ 
Cone M’i - ’u Con~ M i s s  Cone

Vo llenweider (1976) Il 12 16 13 II Ii
Dillon & Rlgle’r (1974) l~ 16 31 20 16 12
Can aan (1977 ) 25 11 36 24 22 18
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