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SUMMARY

This report covers 1955 operations of & cooperative,
investigative program initiated in August 1952, The study has been
subsidized by the Missouri River Division Office, Corps of Engineers,
and has been conducted by the Water Supply and Water Poilution Con-
trol Section, Region VI, U. S. Public Health Service, in cooperation
with the Missouri River Division, Corps of Engineers, and State
Health Departments of Iowa, Nebraska, South Dakota, and North Dakota,
and waterworks personnel at Council Bluffs, Iowa; Omaha, Nebraska;
Yankton, Chamberlain, and Mobridge, South Dskota; and Mandan,
Bismarck, and Williston, North Dakota.

Reservoir operation permitted a 36.29-foot increase in
elevation of Garrison Reservoir and a 1.2-foot drop in level of Ft,
Randall Reservoir. River discharges Were'largely regulated by res-
ervoir releases, and available capacity ironed out peak dischargea
during seasons of greatest runoff.

Discharge and turbidity rélationahiba remsined as described
in previoua‘rqports, but average annual turbiditigs were in most
instances lower than thosé of former years. Examination of water
plant records in lower river reaches disclosed that reservoirs had
produced clear-cut turbidity reductions all the way to the Missiseippi.

Temperature riées and declines were alowed by impounded
water, and’ warming effects of cooling vater diechargea Were evident

at one water intake.



Chemical features again varied with seasonal changes; but
reservoira made a considerable impression upon natural river trends
in this respect, slowing appearance of seasonal low hardness concen-
trations by three months. Ft. Randall Reservoir again decreased
herdness and alkalinity concentration of impounded water, but soil
leaching augmented alkalinity and hardness in water passing through
Garrison Reservoir. Oxygen supersaturation again resulted from air
draft to reservoir flood cuntrol release tunnels, but supersatura-
tions due to photosynthesis were elther quite rare or poorly repre-
sented by the aampligg schedule. |

Organic nitrogen concentration was greater than recorded in
previous years, and nitrite nitrogen made its first appearance in
areas unaffected by pollution. These changes bespeak possible
greater nitrogen concentration from water by micro-organiams, and
changes in some aspects of nitrogen utilization. Factors associated
with nitrite production could not be evaluated within the limitations
of established procedures. Concentration of phosphorous compoundu
closely approached thax of previous years, although phosphate con-
tributed by pollution occurred more commonly in the vicinity of Omaha,

Phytoplankton development in individual reservoirs exhibited
fewer differences in composition than in 195,; and one population
originating in Garrison Reservoir eventually aprgad to Ft.MRnndall
R‘“°"°¥? and to all sampled river teaches. The total annual orop
was greater in Ft. Randall, but each reservoir discharged plankton

concentrations at times high enough to necessitate modifications in

water treatment for suppression of tastes and odors. Special



procedures for taste and odor control were required at Yankton,
Chamberlain, Manden, and Bismarck. Advance notice of impending al-
gal increases permitted water plant operators to institute control
measures prior to taste and odor development.

Algal densities in critical ranges for taste and odor
development are expected to be an annual feature in water supplies
taker from the Missouri River at Manden, Bismarck, Chamberlain, and
Yankton. Public water supplies at Mobridge are apt to be similarly.
affected in the near future, and a much lesser probability exists
for Omaha and Council Bluffs.

The investigation appesrs to have rather definitely estab-
lished various modifications of chemical water quality, and ceauses
therefor, that may be expected to result from varied aspects of
reservoir operation.

Reservoirs are' expected to continue production of plankton
crops large enough to occasion taste and odor difficulties in water
supplies, although it is possible that such ocrops may sometimes be
withheld from reservoir releases by thermal stratification. Possi-
bilities exist for river reaches to develop critical plankton
populatione independently of reservoirs,

The investigation should be carried on in its present form
through Fiscal Year 1957 and may then be modified until reservoir
elevations more closely approneh the general levels to be maintained
with planned integrated operation, after which, study should be in-
teneified for about two years. During the interim period, a plank-

ton surveillance should be maintained in coriticel river reaches to
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furnish water operators advance notice of algal increases necessitating
special action; and continuity of chemical records should be asaured

by arrangements on a negotiated contract basis with State Health

Department laboratories and waterworks perscnnel.



FORECASTS

Review of predictions made in 1954 end the extent of their
realization in 1955, again appears appropriate before mention of
those future developments that appear likely from analysis of 1955
events.

Hardness and alkalinity reduction resulting from factora
other than dilution during seasons of heavy runoff was predicted to
continue} elthough reversals vere considered likely from soil leach-
ing in impoundment areas. These estimates turned out to be quite
descriptive of 1955 conditions. Ft. Randall Reservoir continued
demineralizing tranda, whereas Garrison incressed hardness and alke~
linitj by the soil—léaching process,

Reservoir stratification was not expected during open water
seasons in 1955 and 1956, and 1t was absent in 1955, Similar
‘alterations of natural river trends in mineral content varistion
were expected of each reservoir, and each del-mr';ad appearance of
annual low-mineral concentrations,

" The reservolirs differed considerably in pln;nkton composition,
density, and seasons of grea.teat growth in 1954. Récognitidﬁ ﬁaa
given the fact that each reaervoir might continue along its own
courss in these respects; yet. reservolrs wers not expected to differ
greatly on an annual baais, as t.ypicn Missouri River forms would
eventually achieve dominant positions in each. Greater a:lmilsrity
was evident in 1955. Periods of active growth in sach reamoir

wers not as widely separntad as in l9ﬁln dominant plankton composition
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was frequently the same in each; and a bloom beginning in Garrison
Reservoir spparently initiated & growth of the same dominant organism
in Fb. Randall.

Taste and odor problems associated with algal growths were
envisioned for public water supplies at Mandan, Bismarck, Mobridge,
Chamberlain, and Yankton, Mobridge was considered to have a less
eritical position than the other four in this regard, and did not
develop taste and odor problems in 1955, Each of the four other water
plants experienced difficulties.

Fredictions of future occurrences at this time, as with those
made in the past, must be qualified with respect to several possible
eventualities. As 1955 developments rather closely fbllowed their
expected course, it sppears hAt moat probable reservoir influences
upon mineral content of wateér lave been anticipated; and future pre-
dictiona along that line nOV 8PPear unnecessary since various reser-
voir opera.tional procedur93 have been gonsidered. Berora leaving
%his subject, however, it &PPears advigable to mention that hardness
and alkalinity increases may be expected from water level rise lnd
therma! stratification, wbe¥©as operation promoting uniformity of
depth should generally lower \°°n°entr.tio‘n of these minerals.

Various factors ;_nfluenoing Plankton growth during early
g’qagea of reservoig opcsz'af'1°u have been taken into acqom;t within
the limitations of this 1AVeStigation, The two reservoirs may bnot
be expected to consistentlY %&ree or differ in various aspects of.
plankton development, which 18 influenced by both genaral and local

Tiver and climatological conditiong, However, each reservoir has



7
demonsirated the ability to produce plankton crops that will occasion
taste and odor problems in domestic water supplies; and thils charac-
teristic of each may be expected each year although well-defined
thermal stratification, which appears likely to develop in later
years, may prevent discharge of some algal crops to the river below
dans.

Unimpounded river reaches have initisted their own pla.nktqn
growths at several localities. So far, most taste and odor problems
have been associated with algal crops developed in reservoirs; but
future conditions related to thermal stratification may result in
problems produ¢ed independently of growths in the lakes.

Domestic water suppliea taken from the river at Mandan,
Bismarck, Gamberlain, aad Yankton should conmtinue to be affected
by undesirable aspects of algal growths. Mobridge is likely to
encounter such difficulties iﬁ the near future, and will eventually
have to contend with plankton(groutha in Oahe Reservoir. Williston,
North Dakota, may possibly experience probl;ms during those rare

occasions when Garrison Reservolr extends up to that locality,



RECOMMENDATIONS

It now appears that an additional year of study will disclose
the majority of Missouri River water quality modifications to be
expected of réservoirs during initial filling phases. At the begin-
ning of this investigation, it appeared that at least one reservoir
would soon reach depths comparable to those envisioned for future
integrated operation; but sdverse climatological oonditions and other
factors have postponed realization of this condition beyond the next
few years. It, therefore, secid logicul to modify the investigation
in its present form &t the end of Fiscal Year 1957, or as soon
thercafter as funds allotted to this tﬁpe of study are exhausted, and
intensify it at a later date when reservoir elevations more closely
approach the general levels to be maintained with integrated cperation, '

Studies to date have afforded data for quite acourate predio-
‘tions of phenomena associated vith filling processes, and a consider-
able backlog of information that will apply vhen the impoundments
are filled. However, it is not possible to ignore variable effects
of f£illing procedures with regard to prediction of developments to
be expected with the completed reservoir system. Studies covering a
tuo-year period at that time should allow essential filling of gaps
in the present array of data, providing thereby information for
long-range prediotion of water quaiity relationships within desirable
ranges of accuracy. |

AMvance notices of algal inocreases to troublesome levels have

been of value to water plant operators; and continuance of an algal
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surveillance in oritical stretches of the river during the interinm
period appears highly desirable. Maintenance of a ocurrent knowledge
of algal densities may be accomplished by centralised analysis of
samples collected and shipped by cooperating personnel, with infrequent
inspection trips,

Continuity of chemical records at selected localities should
be maintained over the next few years. Arrangements may be ﬁdo for
colleotion and analysis of samples on .(xiegotiated contraot basis
with State Health Department laboratories and Waterworks personnel.
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INTRODUCT ION

This progress report concerns 1955 operations of the Central
Missouri River Water Quality Investigation initiated in 1952, Earlier
pheses of the study (August 1952 - December 1953 and 1954) have been
described in previous reports issued in April 1954 and August 1955,

1955 Opexjationo
During this year the study proceeded mainly along lines
established in 1954, with sampling at the a‘m stations and the con-
tinued assistance of the cooperating agencies listed in the 1954
report. Gavins Point closure was effected in early August, but consid-
eration of effects of that reservoir during itj initial operation was
limited to samples below Ft., Randall Dam and at Yankton.

Acknowledgnments

The Missouri River Division, Corps of Engineers, contributed
financial assistance, furnished information on reservoir operation
and othar phases, assisted in the sampling program, and provided
drafting and reproduction services. North Dakota and South Dakota
State Health Department laboratories performed total hardness, total
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Council Bluffs, Iowa; F. B, Lasell and Joseph Erdei, Omsha, Nebraska;
R, N. Whiting, Erwin Hirschman, and William Wallner, Yankton, South
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Dakota; A. J. Campbell and Forest Seely, Chamberlain, South Dakota;
Don Wessel, Mobridge, South Dakota; Willism Yegen, Bismarck, North
Dakota; Robert Shaw and Bevan Shaw, Mandan, North Dakota; and James
Fudge, Williaton, North Dakota.
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CLIMATOLOGICAL FEATURES

Temperature and precipitation departures from normal on a
monthly and annual basis éppear in Table 1, Appendix. Precipitation
was below normal in all states except Pbﬁtan@. The year was slightly
warmer than normal in Iowa and Nebraska, normal in South Dakota, and
cold.r than usual in Wyonming, Montana, and North Dakota. Montana
was the coldest and wettest area cqntributing runoff to the Central
Missouri River, and Iowa and Nebraska experienced the warmest, driest
weather. Deficient runoff from Iowa was partly responsible for
lowered turbidity in the river at Omaha; and lesaer amounts of infloy
from some lower tributaries were in a measure the cause of more marked
reservoir influences that will be described in following sections.

North Dakota river reaches and Garrison Reservoir were frosen
prior to January 1, 1955. 1Ihe river froze at Pierre and Chamberlain
on January 3 and 4, respectively, mt ice cover was delayed until
January 22 at Yankton, Ft. Randall became completely frosen on
Januery 27. Omaha never advanced beyond the heavy floating ice stage.

Ige breakup vas in early April in North Dakota river reaches,
in mid-4pril on Garrison Reservoir, and from March 12 to April 2 from
gouth to north in South Dakota. In the winter of 1955-56, ice cover
extended down tO Plerre by November 18, Ft., Randall Reservoir and
Yankton remsined Unfrogen until December 10,
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FHYSICAL FEATURES

Discharge

River discharge below Garrison Dam was largely regulated by
reservoir releases (Table 2, Appendix). Garrison roleases Were ine
fluential down to Fb. Handall Resarvoir, and Ft. Randall discharges
wére mainly responsible fér river volumes at Omaha., Gavins Point
Dam closure vas effected in early August, and it retained 210,200
acre feet of water between August and December 31. Thia quantity,
.howeve&', iocounted for only bart of the acoretion between Ft, Randall
"and Yankton {Table 2) and did 1ittle to impair Ft. Randall influences
in downstream reaches. |

Water from sources other than reservoir releases had little
effect in the Missouri between Garriéon Dam and Omaha, Maximum
diachnrgea cocurred above Garrison Reservoir. Inflow into Garrison
exceeded releases except during the monthe of l‘ﬁy, September , and
November, Ft. Peck releaaaa were augmented to auiat. t‘illing 6!
Ga.rriaon»during the period June to October. Acoretion below M.
‘Randall Dan vas evident st Yankton (mainly from the Mobrara) and
| at Omaha, |

Maximum discharge recorded was 65,000 cfs entering Garrison
Reservoir on July 1, Higheat daily discharge at Omaha wae 38,000 ofs
on July 11 and 12, From these figures it is evident that reservoirs
leveled off peak discharges, as Omaha's maximuw in 1955 was about
‘ono-halt‘ of its greatest 1954 discharge. |
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Reservoir Operation

Total monthly inflov and discharge, and average monthly pool
elevations ,‘ for Garrison, Ft. Randall, and Gavine Point Reservoirs
eppear in Figure 1,

Water level rose 36.29 feet in Garrison during the year. A
cont inuous increaaq occurred over the first 7 mﬁnths, but the surface
remaihed near its August eievation fof the remainder of the yu.r
Pool elevation moved up axid down between 1,332 and 1,342;5 ﬁet asl
in F‘t Ruidall 'Reéervoir, and its height on December 31 was 1;2 feet
below the leVel of January 1. Lovest stages océﬁnod in May, Sep-
tember, and October. Elevation of the Gavins Point pool varied within
a narrow range during the first 4 months! operltion, but showed marked
~ increase in December.

As i8 evident in Figure 1 and Tnbh 2, Appmdix, operation
during 1955 had filling of Garriaon Reamoir as one or its major
objectives. Stepped-up releaae from l"t-. FPeck Beurvoir uaintod in
this proceeQ from June through October, Diaahargu from Gerrison
were insufficient to permit Ft. Randall to hold its level, but losses
f::om the latter Federvoir were not excessive. Ouvhinleoint served
largely as a flovw-through revaer(voir until December. Releases from
Ft. Randall were Shurply reduced to facilitate closure of Gavins

Point Dam in esrly August,

Temperature
TemperstUre varigtion (Table 5, Appendix) was not unusual
vhen the degree® °f latitude covered by the spread of sampling stationg
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are considered. Water temperature maximums occurred at Cmaha, and
there was a general upstream decrease in monthly maximums and aver-
ages, Reservoirs slowed temperature rise in spring and delayed its
decline in autumn. Their effects in this regard resulted from
resistanc e to temperature change inherent in large bodies of water,
which, with this systém of reservoirs at least » 18 alded by reduced
turbidity and restrictidns in the ‘exposed area per volume relation-
ship, Témperature relations between reservoirs, their inflows, and
downstream stations are evident in the table and merit no discussion
here. ‘The exteat of Garrison influénces in the fall is masked by
lack of October records. ' Omaha and Council Eluffs appeared to be
‘below the ares of marked influence from Ft., Randall Reservoir. Above
normal winter temperatureés st Mandan were due to return of cooling
water from a steam power plant shortly upstream.” These discharges

maintained open water along the west bank,

Turbidity

‘Average monthly and annual turbiditiss &t routine sampling
points and Bismarck (Table 3, Appendix) show grest uniformity of
reservoir disclitrges and, at most stations, énnusl average below
thosé racorded dri 1954, Reduced turbidities at'Yankton-and- Omaha
‘were probably ‘influsnced to somé'degrée by impoundment of Gavins
‘Point ReSer¥oir; hovsver, such influences were restrictéd 16 a ‘ﬁﬁ?iod
‘when ‘river -"ﬁxrbmity vad “nedr 1ts annual low; ‘and ‘this Feserviir may
have more pronoiunced Ifects when its operation extends oveér all™
seasona. At Qunbu"hin and Pierre, turbi&ity axeiedod' 1954 levels.
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Maxamums at Chamberlain occurred when water levels declined in Ft.
Randell Reservolr mnd silt that had been precipitated in the upper
end wa# stirred up by water sction. Coincidence of high turbidity
and low water levels may be noted by reference to Figure 1. The
increacse st Plerre cannot bs fully explained at thie time, but it
appears likely that conetruction activities at Oshe Dam were in-
volved. Bismarck showed a reduction over 195 levels,

Turbidity maxizums Were gonora—y balow toces cecerring ic
1855, &t Omaba, where turbidity slwmost reached 10,000 ppa upon ogce~
sions In 1954, tne 1955 maximum was around 2,000, Chamberlain wea an
axception with regard to meximum ae well ae to average turbidity,

To geln information comzercing reeervolr effeata wpon turbidity
in reaches downstresm from Umahs, water plant records over the last
severel years were obtained; and snnual averages at various river-mils
locatlions are shown in Table 4, Appendix. Thesa data leave little
doubt that turvidity reductions extended all the way to the Missis-
sippi. Another feature indicated by this table, and also by Table 3,
dppendix, for Omsha end Council Bluffs, is that turbidity can vary
markedly between nearby peinta. At St. Louis City snd St. Iouis County
weter plants the difference in turbidity wes more marked in post-
mmpoundment than in preimpoundment years. Variation between Kansas
City, Kensas, and Kansas Clty, Missouri, was not very grest. Intake
locatione sppear responsible for differences between Omaha and Council
Bluffs, The Omaha intake is thrust against the main path of the flow,
vhile that at Council Bluffs drawe from slower currents near the

bank,
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CHEMICAL FEATURES

Hydrogen Ion Concentration

Average monthly pH values (Table 5, Appendix) show that the
general range for the river was again above 8.0. The average monthly
mean was 8.2 at all stations, except Council Bluffs, RBismarck, and
above Garrison Reservoir, where it was 8.1. Only at Bismarck did
monthly averages decline below 8.0; and, as in previous years, pH
decline there occurred during warm water seasons (June - September)
when organic decomposition affected the local stretch of river.

Maximum pH recorded was 8.5 at Council Bluffs in November
and at Bismarck in April. The lowest pH (7.6) occurred at Bismarck
in December. On a monthly basis, hydrogen ion concentration was
quite resistant to fluoctuation induced by alkalinity varlation, and
consequently was little affected by phytoplankton influences upon

monocarbonate levels,

Alkalinity

Monocarbonate

Phenolphthalein alkalinity was generally present at all
stations subjeot to that analysis, and in most instances-its higher
concentrations were associated with plankton populations in the upper
density ranges (Tables 5, Appendix, and 19, Appendix). In Garrison
Reservoir it appears that monqcarbonate was augmented by leaching of
the reservoir floar, although photosynthesis was involved in inoreases

occurring during the first 4 months. Monocarbonates decreased in the
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river at Mandan, but showed an elevation at Mobridge that resulted
chiefly from plankton development in April,

Ft. Randall Reservoir had a higher monocarbonate concentration
then its discharge-~an expected condition by virtue of greater plank-
ton densities in surface water and aocid production in the depths,
Yankton exhibited a slight annual increase over Ft. Randall diacharges,
probably fram impoundment, of Gavins Point Reservolir.

1955 results indicate that reservoirs inoreased phenolphthalein
alkalinity (monooarbonate) levels. Such increases grose from the |
opportunity afforded photosynthetic organisms by olarification, and
initial leaching of goluable cnrbonctolé

Bicarbonate
Concentration of bicarbonate alkalinity increased slightly in

Garrison Reservolr, vbut declined in Ft. Randall (Table 5, Appendix),
Ft. Rendall influences along this line were augmented by inflow of the
Nicbrars River, which provided a lover annual §oncentution at Yankton
despite increases attributable to rise of water level in Gavins Point
Reservoir in Sept.ember , November, and December. Inoraiol arising in
Garrison Rea@vau evidently affected the river dow to Ghamberlain, :
Hicarbonate was somevhat more concentrated in reservoir releases than
in surface vaters, indicating some carbonic acid production in deeper

‘waters in the absence of stratification.

Total alkaldnity concentration: sxhibited en:increass: in.Garrisen
Reseiwois.and a-deoline:in ¢, Rindell, as wauid. b expect ed: from:the
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behavior of bicarbonate alkalinity (Table 5, Appendix), Gavins Point
Reservoir effected increases at Yankton as its water level rose in
September, November, and December. Niobrara River influences were
still operative in lowering the average annual concentration at
Yankton,

Computation of alkalinity loeds deposited onto, or leached
from, reservoir floors (Garrison and Ft. Randall) according to the
method developed for the 1954 report, gives the values appearing in
Table 8, Appendix. Ft, Randall continued the trend of alkalinity
precipitation noted in 1953 end 1954, removing approximately 119x106
pounds fraom inflowing water during 1955. Garrison, on the other hand,
leached around 206x10% p’ou‘nddi‘ron its floor during the same period,

. Due to the infrequency of reservoir records, acouracy of these com-
putations is considered precise snough to indicate only the trend of
eventa. Alkalinity losds based upon annual totales of inflowing,
outflowing, and retained volumes of water and average annual alkalin-
ity concentrstions in each, appear in Table 6.

Table 6. Alialinity Losds Depioting Gain or Loss i Mater Enteris
Reservoirg,  Veluss are Pounds-Per-Iear x

Garrison Ft. Randall
1, Inflow 7,431,203 6,358,599
2. Outflow 6,264,843 6,001,548
3. Retained 1,630,615 155,829
4. Sumof 2 and 3 7,895,458 6,157,377
5, 1 Minus 4 ~464,,255 201,222

6. % Gatri or ‘Loss 6.4% Gaitn 352% Loss
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Wnen percentage loss or gain is based upon the annual monthly
accumulative totels shown in Table 8, Appendix, Garrison shows a
3.3 percent gain and Ft. Randall a 2 percent loss in alkalinity of
impounded water. Monthly loads are based upon & limited number of
analyses, and individually are not considered truly representative.
Therefore, the actual percentage gain o loss is not accurately shown
by either method of computation. All analyses and computations indi-
cate that alkalinity uﬁ augmantad by storage in Garrison and reduced
by retention in Ft, Randall. In the absence of daily records, actual

quantities can be only provisionally depicted.

Table 9. Average Total Alkalinity nd Totel Hardgess (ppm)

Station Alkalinity Hardness

1953 1954 1955 1953 1954 195%
Above Ga.friaon Reservoir 169* 150 246% 221
Below Garrison Dam | 158 160 216% 235
Bismarck# 160 158 166 22, 21 23
Pierre 268 231 246
Chamberlain 157 15, 158 211 247 4B
Below. Ft . Randall Dam 147 U4 153 259 %0 236
Yankton 150 5 150 26, 238 232
Omaha# 172 170 2600 241

Counoil. Bluffa# 161 34

* July - December Records
# Vater Dep&rtniant. Daily Records

Alkalinity concentration in 1955 generally exceeded 1934 levals
st stations below GasTison Dam (Table 9), It appesrs thet quantities
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entering solution from soils inundated in that r_e;servoir were largely
responsible for the concentration increases. Reduction in Ft. Randall
Reservoir was to a less degree, 5 ppn as contrasted with 10 ppm during
previous years. Yankton exhibited an increase over 1954, but Omaha
showed no significant difference.

Weighted average annual alkalinity concentration (based on
summations of mpnthly loads and discharges) was 146 ppm above Garrison
Reservoir (no records in January and October), 153 ppm below Garrison
Dam (no October reccrds), 161 ppm at Bismarck, 148 ppm at Chazberlain
(no November records) » 152 ppm below Ft. Randall Dam, 146 ppa at
Yankton, and 168 ppm af. Ma. With allowance for months of no analy=-
8ses, weigh‘péd concentrations &QIute the same sequence of evenis

shown by simple annual averages.

Hardness

The atorypfﬁhqrgnps‘e during 1955 was essentially as has been
described for alkalinity--namely, it incressed in Garrison Reservoir,
declined in Ft. Randall, decreased again at Yankton, snd increased at
| Omaha (Tables 5, @pgggﬁ;, and 9). This similerity indicstes that
Teservoir influences chiefly concerned carbonate hardness. Oog)ytution '
of hardness deposited onto, or picked up from, reservoir ‘_t;l.o*ogvl‘
(Table 7, Appendix) shoved a deposit of about 270x106 pounds in Ft.
Randall and approximately 103x10° pounds brought into solution from
inundated soils in Garrison, On the basis of annual average concen-
tration times total vearly volumes of water, Garrison exhibited a
5. 1 peroent ,incroupyir; l;udnqu » While Ft. Randall showed a 4.8 percent
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removal, When based upon monthly accumulative totals (Table 7,

Appendix), Garrison increase was only 1.1 percent and Ft, Randall
loss, 3.0 percent. As indicated for alkalinity, neither annual tlxor
inoﬁthly’a’verage concentrations are considered truly repreaentutive,
and actual percentages involved are not indicated by either valus.

Gan‘pa“ri,aon‘ of 1955 annual canoenfratioas with other years of
record (Table 9) showe an increase over 1954 at all stations from
Garrison Reservoir to Chamberlain, lower 1955 values below P, Randal}
'Dam and at Yankton, and & slight increase in 1955 at Omaha.

Seasonal hardness lows have been observed following the “June
rige" each year since the beginning of this investigation. In 1953,
the annusl minimum concentration ocourred in July and August at all
stations (Pierre to Omsha). In 1954, annual low concentrations ap-
pesred at Plerre and Chamberlain in July and August, but vere delayed
about one month in flow through Ft, Randall Reservoir, extending
through the dam and down to Yankton and Omsha in August and September,
In 1955, the annual lov was evident during June and July.’ above Garri-
son Reservoir, but did not appear in reservoir releases until August
and Septefiber. Pierre and Chamberlain experienced low ooncentrations
during the same two months, and flow through Ft. Randall Reservoir
delayed annual low concentrations at Omaha \mtii October and November,
| From the above account it is evident that in 1955 reservoirs
exerted conlidéraﬁly' more effect upon native river patterns of minerg)
content fluctuation than during former years. The major influence wegs
axertad by storage in Garrison Reservoir, in ‘which volumes or stored

water Were markedly sugmented in June and July. Ft. Randall Resarvoir
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gained slightly in volume of storage water in June and July, but lost
elevation in August and September. Greater buildup in volumes of
stored water in each reservoir should result in greater alteration
of the native river pattern of seasonal hardness variation.

Water operators at Chamberlain, South Dakota, claim that
hardness varies at that point, in Ft. Randall Reservoir headwaters,
with direction of the wind--downstream air movements inducing greater
hardness, and upstream winds affording reductions.

Exsmination of hardness records at major water plants down-
stream from Coun'cil Hiuffs has shown no such marked trends as
exhibited by turbidity following reservoir impoundment. Hardness
Tecords have been modified by changes in analytical procedures, and
& fow more years 'wtli*«“bé required for justifiable comparison of
post-reservoir and older data.

Oxygen

Oxygen odnceitiation was mariedly influended by air draft -t
flood control turnels during’periods of their -operation.: Average
values abbve ‘100 péroent saturation (Table 10, Appendix) were evident
every monthi @xsept ‘March below Garrison Dam; ‘and during the period
April < July ‘below”Pt. Randall. As desoribed in the 1954 report,
supersdturation so:ocossioned persists for-but a few milss below each
dam,

"The ‘reservoirs never eiliibited ‘superdaturation over®a: Sonthly
paricd; Bt suparsgtudatsd condentrations wess ot od: % keh durling
May: Sufiérsaturaticn’of Federvoir diifaced rehultuconly from algal
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photosynthesis, and high algal densities were evident in each

reservoir that month. At river stations other than just below d.n;;,
supersaturation was observed only at Mobridge during a high-plankton
concentration in April.  In 1954, sw&satwatim occurred at Yankton
and Chamberlain, and was the prevailing condition in Ft. Randall

Reservoir from Jenuary through August.

Nitrogen

Spgsnic Nitrogeo

Variation in average monthly concentratian ranged from 0,04 -
2.76 ppm (Table 11, Appendix). Feriods of upper-range concentration
(1.0 or-above) varied with locality.. In South Dekota reaches, lmm
differences were less marked than st North Dakots stations. Most gee~
sonal veriation and greatest concentrations ocourred above Garrigem |
Reservoir; and the lowest monthly aversge, within it. Upper rnng.i
sppeared in North Dakota only in spring and susmer, but Vere preseat
#leo in the fall in South Dakota.  Lower ranges characterised winter .
monthe.at all statima except Flerre and above Garrison,

Gerrison Reservoir influences upon arganic nitrogen. ogutent
i the river were nat.very noteworthy, as oqgo@t“;;,gn st Mandan
frequently deviated considerably from that of reservoir releases, |
which.often diffeved from reservoir surface water,: ¥, Rendall Reser-
Voir surface and discharged waters exhibited greater similarity, ana
9 zelonsen appeared 10 be the major.fastor influeneing qencentra~
tion at;Yankton,. River.influences upon rofexvolrs were aoy sspecislly
signifioant, except for the.month of .April, in Gerrisen;.but from .
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May - December, concentrations at Chamberlain and in Ft. Randall
Reservoir shovwed essentially the same pattern of increase and de-
crease on a monthly basis. Discharged water diifered somewhat during
November and December.

Annual average concentration was significantly greatest above
Garrison, and signifisantdy lowest in and below thet reservoir,
Differences ménx .other stations (0.94 - 1.07 ppm) are considered
insignificant, ‘Averqo;fconggntxgtgiqn for .all stations was 0,9%--a

marked inorease over the 1954 annual mean of 0.48.

 Amwonig Nitrogen

Ammonia nitrogen exhibited limited seasonal variation.at, any
station, and little difference yes evident among variona stations
down to Yankten (Table 11, Appendix), Mich larger quantities vere
contributed by pollution:at Gouncil Hluffs, All upstream stations
except: Chamberlain,and. Mandan. hed. s marked ingreage in.December; IFt.
Randall Reservoir had another. elevatign in Apri}; and a similar.rise
ocaurred.above. Garrisgn Regexvoir.jn Septembera At.all other times,
mouthly averages.ranged from less.than 0,1 10.0.2 ppm, Except for
December, individusl stations rose.and,declined. gquite,independently
of each other; end oply.in Deqember did smmonia gantentﬁgggm 1o
reflegt gengral xiygr eonditiops.in;reachoen aboye Ypnkton, Average
ennual, conpentration differed but.slightly: st. these various.stations,
and can be. gonsidered. signifiogtly diffexent only ip and;bejow Ft.

Randall Reservolr. The 1353 ennpal ayspage dov sid.Reksbe; eiatiens
(0.12 ppm) differed but. little from that of 1954 (0,10 ppm).(Table 12,
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Appendix), The annual average at Council Bluffs (0.5 ppm) was not
significently different from the 195, annual average at Omaha (0.47),

Nitrite Nitrogen
For the first year of record, nitrite nitrogen occurred at

all stations (Table 11, Appendix). Previously, its appearance was
limited to Williston, Bismarck, Omaha, and discharges from Ft. Randal}
‘Rea‘ea'voir. At the first three points, nitrite evidently originated
in organic pollution; and its presence below Ft. Randall Dam coincided
with a trief period of reservoir stratification in 1954, Its pres
ence at all stations in 1955 indicated a widespread change in nitrogen
‘utilization and oyclic relationships. |

A common source of nitrite in unpolluted or relatively
‘unpolluted watere is the excretory produsts of sooplankters, However,
‘routine plankton samples taken'specifically to afford analysis of
‘phytoplankton, #e not vexry demonstrative of ‘rdhtivo densities gt-
‘t'n‘inéd by zooplankters; so no correlation in this respect is possidle,
‘Nitrite showed no definite relationship to other nitrogen compounds.
Tte widespread occurrence sppeared to be a natural river phenomenon,
wiassosiated At most points with pollutiaul dliahnrga. Available
data &llow little insight into factors involved. |

At Omaha and Council Eluffs, nitrite arises from organio
contamination and uauullybccuri ﬁt dll seasons. Nitrite inoressed
“in B Mﬂdl Reservoir during'the refilling’ pduul! after levels Um
dropped ‘to ‘odmbat carp spawning in June,



Nitrate Nitrogen

"Nitrate showed little relationship to other nitrogen bearing
compounds, and had little similarity at various stations, even between
reservoirs and their releases (Table 11, Appendix). North Dakota and
South Dakota values are not stfictly comparable.-the South Dakota
results tending to show lesser tontentration. These differences not-
withstanding, ‘it is evident that the river and reservoir upstresm -
from Ft. Randall generally contéified more nitrate than thi® reservoir,
its releases, and the tiver at’ Yankten:

Compiirison of anhusl a¥ersge concentrations (Table 12, Appendix)
shows a general ificrease in trganic nitrogen in 1955, little change in
amzonia over ‘the: past' twWo years, much more widespread occurrence and
general increase of nitilte, énd a signiffoant rise in nitrate oconcen-
tration over 1954 levels; ‘Mhether those d12fdremes indicate the
influince"s"*%it”iiﬁbré'?sta‘mﬁ‘ﬁd Tesarvolr oowlitions , Or are merwly the

_result &f normal Fiver veriatith, remains to be sear. In general,
1952-53 sumonis nitrég@iooncentration has exceddéd that of leter
years--spparédntly as’a result ‘of thé 1952 fluod; whose nflumces
lingeted on &g tHé Piret 6'nonths of thé investigatien: Gther
natural phenomeifd ¢4iid be Iivolved i Aitrégen inaresses 4n 1988,
‘However; ‘ihéréades 1% orginte nitiogedind nitrets cduld represent ocon-
‘oemtration frof water by Hore Videspr il |EAGULhS fof mieFe~organtoms.

Phosphorous
Availeble phosphorous (posphates) docurred in quantities
reaching lowest range (0.5 ppm) of the field analysis spparatus only
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at Council Eluffs, where it was present from August to December.
This analysis was not conducted at Omaha, FPhosphates in that areg
are undoubtedly contributed by pollution.

Average annusl total phosphorus concentration (Table 13,
Appendix) showed a general unifarmity at all stations, except just
-above and just below Garrison Reservoir. Concentration was reduced
by passage through this reservoir, and its surface waters retained
more phosphorous than was passed through its discharge tunnels. Jt,
Randalllnoaervoir inoreased phosphorous concentration slightly in
surface waters, but its discharge was of the same average annual con.
centration as water entering the reservoir. Greateb retention of
-phosphorous. in the surface layers of each reservoir indicates the

~ involvement of phytoplankton, although maximum phosphorous concentra-
tions were assoclated with generally low plankton densities  (Table 1.5,;
Appendix) in each. It appears that some decay of plankion growths
is necessary for liberation of phosphorous in the form detectable by
the standard teqhnique. Average monthly averages show a phosphorous |
m,czsahnmt most, stations following plankton decline at the end of
the growing.sesson. - Concentration at all stations was generally
vithin the range considered stimulative to algal growth.

Annusl averages (Table 12, Appendix) show a relatively constent
ecancentration-at all stations over the last two years of record, with
the exoept;on‘ of .a slight increase above Garrison Reservoir in 1955,

Diacussion of Chemistry
Mnalyses conducted indicated pollutional influences at Omsha

and Council Bluffs, and possibly at Bismarck. ~With regard to nitrogen
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and phosphorous eompounds, Council Bluffs exhibited more local
. influences than Omaha. Differences between the lower two stations
in other respects stem from the fact that ft.h:g, Council Bluffs intake
does not drevw from the main path of flow which, however, bears di- |
rectly upon the Omaha intake.  Variation between the tvo stations is
generally what would be expected between main ghannel and shoreline
sanples; and .8emples from Omeha are considered, more representative
of the major diécharge. Cross-asctional. composites would in all
likelihood dron oukXifferences in turbidity, hardness, and slkelin-
Adty. This study has been primarily goncsrned with water quality at
- various intekes, and reservoir induced changes have followed the same
trend at Council Bluffs and Omaha.

Reservoir influences .upon water chomlatry were mcre wide-
‘8pread :in 1955 then during previaus yeara. . Cextain e‘lremntﬂ« Mere
affected over longer pwrieds of time, and some native river trends
were altered. , Annual. low hardness. concentrations, pormally acourring
in all river reaches shortly after recession of the “June rise,"
were delayed three months in reaching Yankton and Qmaha.

M. Randall Reservolr continuad to withdraw hardness and
n.lkalinity from inflowing water, whereas Garrison added to quantities
of responsible minerals in aqlut,ion. Water quality, therefore, ,
detericrated in Garrison and improved in Ft. Fandall, Garriscn vill
probably continue to add to hardneas as its filling coutinues. R
Randall has never exhibited that tendency. on an snpual basis and
should continue daminérnliying trends \nless its level is subatan-
tially ralsed, or until lang periods of stratifisation pegur.



Variation in nitrogen content was largely the result of
processes present in individual river reaches, such occurrences being
modified only' to a slight degree by existence of reservoirs. Nitrite,
previously undetected unless introduced by pollution and reservoir
stratification, was generally produced in 1955. - Its relationship to
other nitrogenous compounds or biological elements May not be deter-
nined within the limitations of present investigational procedures. 4
more rreqti‘aﬁt appearance of nitrite at Omaha and Council Bluffs otrmg.
" 1y suggests that organisms involved in its production were better ‘r
repf%cssented than during previous years of record, «bx-ganio nitrogen
increases probably reflect the concentration sotivity of more widespread
growths of micro-organisms,

Phoalphorcma' analyses indicated that the ‘supply of this element
was largely in&:rp‘b%h%od in organic compounds or-tied up within the
bodies of various suspended orgspisms. On an annual basis ?,“quﬁtitiea 4
have been rather constant at stations unaffeoted by pollution,
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BIOLOGICAL FEATURES

FPhytoplankton
Qualitative Aspocts
This population has exhibited insufficient variation to
nécessitate any major change in taxonomic groupinge adopted in 1952-53
{Table 7, 1952-53 report). - Distoms remained the predominant general
group at most stations during hoat‘ aeaaonﬁ bub-blue~green slgae,
vgré'er.x algae, euglenophytes, and heterotrich yellow-green -algae re-
‘ﬁlruée'd them as monthly dominant groups at & number .of stations,
Group predominance on' @ Boathly basis appesrs in Table 14, .
Appendix, in which the three densest groups »uro, shown in desoending
grder for each station, Tt is evident from entries in that table
that Beason and location both played definite roles:in- salection of
thie most numerous group.. In January, Asterionglls held dominencs over
_thif"entire*«‘r'ivei" and ‘reservoir system from Garrison to Yankton. In
Pébruary 1t wes replased by the blue-green algs Dactyloocagoopsis in
‘Darrison Reservoir aml dowmstream to Piesre; and by s small member of
‘the Heterotrichales at Chamberlain, but still medntained dominence in
-I7Ft, Randall, ‘exveiding downriwer to:Oushs. In Mareh, gterionclls
goiteryes ‘atill daminant in- P, Rendall and below; Degvylogoqgepsis hed
suestbobeen replaced: ty Jvolotellarchagtogerst in Gaxrisas Reswrvoir,-but vas
still ‘dominant 'at ‘Modeidge and Piérre, and-had:repiaced the small
Hetarotrichales .o%smzém‘nmr:armm-mg Chambarisin, At
bs ManBan; however ; Agteriopells hed régeined dominansel :in dpril, e
month of inoreasing planktsn d@eméity in. and:sslew Gavydson.Reserveir,
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~the small Cyclotella was still its dominant form, but Asterionella
had decreased significently in Ft. Randall. River statims exhibited
considerable varistion in April, dominence being held by Asterionelly
at Mandan and Pierre, by Chlorella at Mobridge (between Mandan end
Pierre), at Chamberlain by Diatoma elongatum, by Heterotrichales at
" Yankton,-snd by the Rhizosplenia group at Omaha and Council Bluff;. ™
‘May the Cyclotellg-Stephanodiscus group gained superiority in Garrison.
and exteénded its dominance over the river down to Ft. Randall Raa%
in and below which Asterionells had again developed into the most
numerous organisem, In June, & month of génernlv decline in plankton
density, the Oyclotelle-Stephanodiscus group still reigned in Garriscm =
Reservoir and at most stations downstream.to Ft. Rendall Reservoir,
vhere Fuglens was most numerous. July was characterised by considerw:
able variation between stations, even between reservoirs and their
‘discharges. In August the blue-green Aphanigomenon gained dominance
in Garrison Reservoir, but was not represented i4n: the three most numer..
ous..groups at other stations. leeﬁelll-mw plankters -
‘86411 held on at Plerre, Chemberlain, Omaha, end Council Bluffs, while
. Ohlemydomorss was most numerous in Ft. Randall and at Yenkton, In
September the Mﬂl&-ﬂﬂ‘!ﬂ&é&m& group -gained numerical superi
ority ‘at all stations beginning with Garrisen: Reservoir, Mg}m?
appearéd ‘below Garrison during this month.. ,Te Croloteldls-St
group ‘mafntained its general dominance in QGotober;.loaing:out to-
Stdchegoooys, & green-alga, at Yankton, Omahej-and Council Eluffs, 1In
November and December, Cyslotella-Stephanodisgus oTganisss prevailed
or figured No.:2 in density at all:locatisns.q
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Increase to a dominant position was limited to relatively

few of the rather long list of phytoplenkters., Diatoms attained that
role more frequently then representatives of other algal groups, and
wers usually dominant when plankton densities resched their highest
levels, Other algsl groups-whose representatives at times exhibited
numerical superiority were: . Green Algae--Volvacales (Chlamydomonas
and _go__gqgg;g_gg.), Chlorococcales (Chlorells), Ulotrichales (Stichococcus);
Yellow-Green Algae--Xanthophyceae (Heterotrichales); Buglenophyta
Fuglenophyceae (Englena); Blue-Green Algae~-(Chroococcales (Dactylococ-
copsis) and Hormogonales (Aphgnizomenon).

- Reservoir influences upon qualitative aspects of plankton
varied. In soms instances it sppeared that organisms gained a start
in a reservoir and then spread downstream, assuming dominanoe et all
pointa, The early Asierjonelis bloom spread fram Garrison Reservoir
in October 195 to Chemberlain in November and. December, through-Ft.
Randsll Reseryoir. ip January, and on to Omsha in February. It sain-

- out to other groups in Gayrison: after Jasuary.. This.downstresm
progression. of . an algal hloow from one.reservoir through spother in
winter may result, frop ngrh.to.south.tewperature decline, Asteriogells
exhibited dense development .in Garrisgn.in December when water tem-
perature was Q7 C. aud.aktaived its dominsnge mFi; Randedd in Jenuary
and February whep tompgrature vas: st ox apar 0%.Gy Hewsver,
Asterionells attained greater density in Fy« Bandald in.May:when

water Lemperature.wes.ahout, 12°.C. ;Thua, 3£ Askerienellsdevelopment
is assumed due to & downstrean temperature.decline duriag winteny it
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will be necessary to assume also that different strains of the

species were involved ln the winter and summer blooms. In the river
between the two reservoirs, the appearance of Asterionella is readily
explained by the fact that the major part of discharge originated in
Garrison releases. Its ooccurrence in Ft. Randall, however, may
hardly be assumed due to replacement of impounded water, as water
entering the reservoir amounted to only‘about 12 parcent of that left
in storage in Japuary. Experimentation will be necessary to establish
the details of Garrison naamoii- influence, and vhether or not the
growth in the lower reservoir was the result of temperature decline,

Water containing a denée growth of a certain phytoplankter
may only seed areas into which it flows, but it may also introduce
alements that stimulate growth of that particular group or species.
For instance, Asterionellas did not get started in Ft. Randall until
three months after it had been carried to that locality in Garrisen
releases (Table 13, Appendix, 1954 report). Similarly, it required
over & month to develop to a dominant position at Omsha, although
‘constantly introduced in Ft. Randall releases going by that point. ‘It.
Bay:be'argued that conditions eventually changed sufficiently to per-
mit ite greater development at Omaha, but what factor would have more
influence than ‘continued entrance of water in which the srganism hed
been growing? In‘Miy, the Asterionells Bloom immedistely extended to
Omaha; but thé organism Had ranged within the threé'd
at Yarkton and Counoil Eluffs in April.

‘The above acoount is not intended to belittle the role of

nant positions

‘local factors in inducing varistion at individual staticns, as it must
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be assumed that delays in initiating local populations of forms
contriﬁuted from upstream are caused: by looal influences. - Local
factors were evident in dominance alteration (Table 14, Appendix), but
{ridividual station variatich would heve been less striking in some
instances if samples had consisted of aross-pectional composites. The
factor responsible for ‘chemical differences at Omsha and Council Bluffs
vas also involved in plankton variation between the tvo atations. .
-Bloo'x'ns ‘that ‘sppeared smultmeousiyf at all etutions, e. g., Opclotells-
Stephanodisgus in Soptaba-, ‘may ‘be considered the result of general
élin;tologioul ‘and river cm&it:lonn

Inflow into Garrison-Reservoir had little -influence upon the
-composition of its plankton- (Talsla 14, Agpendix), and’during several
‘sotiths Ft. Randall Resérvotr Fesisted influences of ‘wistrean water
‘& 'dev"é'loﬁéd Ita"'éﬁn-;%hiriwﬁ*iwié ‘Prankton: population. ‘However, |
refiervoir algal populations were generally imch more:-alike than in

| 1954, #nd Garrison ‘conditions exerted séwé influence-invFt,:Randall,
Infléw of the Niobrara Riv er, vhich developedidenss pilﬁton@;roﬂha
© dn'late spring and sumser §’2w§#?:‘»a¢mmaai**iustmmm in-indueing
Guslitative changes at Yanktony:  Gavins PointReSexsodr exerted:no
“épparent” influence upotplankton ‘odkposition-of - Ate:inflew.

7 Yonthly' itverdje: dd- maxisuk® p&ﬁﬂméﬂﬁtﬁm (Table-15y’
Mrpendix) are ITIusbritivior e seAgw P plinkton: Susitim. o Th-
IVE YT arily 1 RATE EppEAr 18" TubLe RO ppendLy: !
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Né significant concentrations appeared above Garrison
Reservoir; and within that body of water, growths to near critical
levels were noted only during the first 5 months. The densities
recorded in January represented the continuation of an Asterionella
proliferation which began in October 195, (see 1954 report). The
river below Garrison Dam showed close agreement with the reservoir
down to the vicinity of Mandan. Mobridgq density declined in May
and inoreased again in July. Thereafter, numbers at that point
exceeded those recorded at Garrison until December. At Pierre, higher
densities were also evident over a greater part of the year, maximum
numbers being observed in August. Chamberlain attained high concen-
trations in April, June, and August, but exhibited a decline in May.
Ft. Randall influences upon numbers of river.plankton extended down
to Yankton; and maximum demnsities ocourred in May, -a tmo of decline
in inflowing water at Chamberlain. Another ;inogpqn,-.churggqtj_g_
. August; levels.showed little change in September. Influences of
~:Mobrara River contributions-were evident at Yankton in July and
Augtst; 'vhen water-entering from that tributery mtgd plankton
mtntimbx tntroduction of such forms as the. W group
and AMMLM- :~Conoentration in gha;,_l&olgrurmtnr oxceeded any
found in the Missouri or its reservoirs, N

Densities at Omasha and Council Bluttlmq;ﬂlyrgnwm
belov to slightly:balow those.at more upsiresm stations, yet exhib.
ited an: incrsase in:-Degember that was: completely out of. Line. with
events upriver, altbough invelving practicallx, the aane OF
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that were then dominant in Ft. Randall releases. Omsha and Council

~Bluffs infrequently exhibited concentrations in the same range,
Maximum densities recorded in and below Garrison Reservoir,
‘gt Mobridge, Chamberlain, Ft. Randall, Yankton, and Omaha, were high
enough to be considered critical from & water quality standpoint. - On
" @ monthly basis such levels ocourred at Yankton in May, st Chamberlain
~in Apri}, and at Omsha in December, |

Table 16, Average Annyal FPlankton Congentrations,. No. per ml..

) Parentheses enclose numhgr of records. |

" .

1952-53 1954 1955
Above Garrison Resarvoir . (7 ) 79 (16) 62
Garrison Reservoir @) 92 (1) 207
Below Garrison Dam: (24) 180 (51)- 233
Mandan () 17 (52) 175
Yobridge (1) 181 (1) 339
Pierre (16) 49 () w4 (23) 242
Coamberlain »(45)“ 60 (45) A,,1°45<,. (s0) 295
Ft. Randsll Reservoir (21) 172 (50) 403 (=) 30
Below Ft. Randall Dam (65) 100 (s1) 430  (52) 2m
Yenkton (62F 266 (s2) 426" (51} 304
‘oiaha {33 B (D) 264 40) 29
Council -Bluffa §(;5l i 63 (39) =228
Niqbrara River. _ @) 2 (8) 6304

‘Conparigon of :average annual aonceniration Appests justified
‘pbolonly vieré records ars frequent emough {arannd: 40: oy Ox e Pen yoar)
Jox: thié annual mean to indicdte differsnoes: in plankton produotion.*
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Fntries in Table 16 show that meximum produection in 1955 occurred
within Ft Randell Reservolr The annual average at Yankton closely
approached that of Ft. Randall, but the lower station benefited from
growlhs introduced by the Nlobrara River, With this exception, there
wes a genersl decline in plankton density (Mobridge and Pierre are
excluded from this account) below reservoirs., A similar decline was
evident below Garrison during the last 6 months of 1954, but Yankton
showed no significant decline below Ft., Randall releases, Omahals
average was below that of Yaenkton each year of record.

During its early days of impoundment, plankton forms that
developed in Ft. Randall Reservoir increased their concentration when
discharged to the river below. Higher annual densities at Yankton
during that period were not occasioned by Niobrara inflow, but by
continued proliferation of plankters originating in the reservoir.

In 1954 theie was no significant annual difference in density between
Yankton and the reservoir releases, and in 1955 a slight increase,
refarable to Niobrara River augmentatlon, was evident at Yankton.
However, the highest 1955 density at Yankton in May resulted from
continued growth of Ft Randall forms Plankters exhibited after-
gorwth in 1955 upon release from Garrison Reservoir, beginning in the
vicinity of Mobridge, following declines at Mandan. Decreases at
Mandan may have resulted from sampling at a point unrepresentative

of the major discharge.

Flankton growth in the reservoirs exhiblted characteristic
lentic fluctuations with monthe of very low densities following periods

of maximum or near meximum concentrations River stationa did not
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usually exhibit either tne high or the low extremes found in
reservolirs

In previous years plankion densities have been expressed
both by number and volumetric units (M units) per ml., Both systems
have been illustrative of plankton fluctuation and, because of time
limitations, computation of M unit values has been omitted from

treatment of data incorporated in this progress report.
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RESERVOIRS

. Garrison Reservoir exhibited no marked thermal stratification
in 1955, elthough temperature differences of leas than 1° C per meter
.pocurred from surface to bottom when a vertical aerieg of samples was

collected on July 19 (Table 17).

.V T, farrd
TS 1T eaervelr, Toiy 19, 1980, 3 Miis Above Dem. Toral Pate s ;.

Depth Peet 1.5 13 27 40 54, 67 81

Temp. °C 21,5 2.0 20.5 20,0 19.5 . 18.5 18.0
pH 8.2 8.2 8.2 8.1 8.0 8.0 7.9
CO3 Alk. ppm 8.0 8.0 10.0 4.0 0,0 0.0 0.0
HCO3 Alk. ppm  134.0 135.0 133.0 140.0 146.0 147.0 148.0
Oxygen ppm 8.0 8.0 7.2 7.2 6.8 5.6 4.8
NH3 N ppm 00 01 01 01 01 0.1 0.0
NOg N ppa ~0.02 0.02 0.02 0,02 001 0.0 0,0
PO, ppm 0.0 0.0- 0,0 0.0 0.0 0.0 0.0

Chemical features indicate homogenous water extended down less
then 27 feet during a day of bright, calm vesther. Decreases in oxygen
and increases in bicarbonate alkalinity with depth are referable to
increassd decomposition, a process utilising oxygen and producing CO2
to react with monocarbonate and increase methyl orange ulknlinity
wvhile lowering pH. Available phoaphorcmo did not ocour at my depth,
and trade amount s of monia nitrogen wvere preaent from 13 to 67 Leet.
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Nitrite occurred in considerable congentration from the surface dm

to .54 faet, but dinppearedx at greater depths.

Results of three vertical series in Ft. Randall Reservoir .
‘on July 26 end 27 sppear in Teble 18. It 1s evident from this table
that Ft, Randall deviated from Garrison in soms respects, and was
-not quite the same at _:ditfermt, locations within itself. The upper
.series in shallow water near (hamberlsin was characteristic of ppper
i;réaervoir -Teaches 1n the deep. layer of soupy suspended ailf .nnd\‘gun-
3&11 uniformity of water above. At the nidu@y point (hbh:‘,l&b), -,
éguspondéd Eai‘lt oc&ﬁp‘ied only the lower two feet of vitw_, add’ kel oal
variation was evident at different depths, Nitrite was absent in
supper Water and. increased with depth, dbaginning et 27 feet-quite the
peverse of Garpison on July 19. Oxygen exhibited a sharp decline at

feble 18. Vsrtical ¥ariafien i Temarstu 'nﬁa@m'
R. Hsudall Beservolr, July 26 snd 21, 1958

Table 1'8;. Eleven Miles Below Chamberlain, Total Depth 27 Feet,
Suspended Silt Balow 18 Feet; Jily 26;:1958

DepthiTeet Y 8 18
Qeip 20 26.0 25:5 255
pH Bub Bk
803 ALk ppa 18.0 18.0 -
R0y ALk, ppa 127.0- 128:0
Oxygen ppm | 8 0 8.0
wssdligil ppw - 9. 01
;’,:ﬁ;&ﬁg.&rﬂ 0.0 | 0.0
C Mumm, o 00

e - Yk i“& Ii Ak
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‘pable 18b. Forty-Five Miles Above Dam, Total Depth 63 Fest,
Suspended Silt Below 61 Feet, July 27, 1955

.. " L

N

Depth Feet 1.5 13.5 27 40.5 60
Yemp °C 675 26,5 26,0 260 26,0
pH 8.3 8.2 8.2 8.2 8.2
3 Alk. ppm 14.0 2.0 100 100 8.0
HCO3 Alk. ppm 137.0 . 139.0 1420 L0 4.0
Oxyges PMS 7.2 6.4 6.4 6.4 48
NH3 N ppm 0.1 0.1 0.1 - 0.1 0.3
N0 N pya- 0.0 0.0  ©.005 0,005 .0,01
B0, ppB. 00 .00 00 0.0 0,0

qale 180, Tvo Miles Above Dem, Total Depth 98 Fest, July 27;°1935
“Dept Peet 1.5 T13.5 21 40.5 %A 61 80,5 - 94
'.mp o¢ 29.0 27.0 26,75 26.0 26,0 26,0 24.75 23.5
pH ‘g3 83 83 82 82 82 e 73

03 Alk. ppu 12,0 12.0 10.0 8.0. 8.0 40 0.0
HGO3 Alk. ppa 135.0 132.0 135.0 1.0 137.0 141.0 148.0
g pm 80 T2 T T2 6k bh m6 24
.NH3 N ppa 0.1 0.1 0.1 0.1 0:.1: 0.1
:NOz N ppm 0.005 0.005 0.0 0,01 ©.0L 0.005 0.0 0,008

PO), ppe 0.0 0.0 0.0 S 000 000 0,0,

Faoa t : ¥ I oy ———

{60 fest} pH did not change with depth, but some decrease 4nd ingrease
"4Ath depth vere spparest in monoserbanste snd bioarbonate dlkAItity,
mmizn;x.‘,,mnnm:mﬁ ipcrmessd shTURAY o Py ,
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Two miles above the dam (Table 18¢c), the reservoir had changed
‘little. Teuperature at 67 feet was the same as recorded at 60 feet,
43 miles above. Similarly, pH, alkslinity, and oxygen variations were
. esentially the same down to‘ 67 feet. The oxygen decline near 60 feet
at the middle reservoir station resulted from proximity to the bottom.
The sams sudden change was evident at 94 feet near the dam. Nitrite
occurred at all depths except 80.5 feet at the lower station. GCreatest
conoentration was found between 27 and 54 fest, a decline to 0.0
ocoupied iho diat;nnoa from 54 to about 81 feet, but it resppesred at
94 fest. Amonis nitrogen was most concentrated at the surface and at
middle depths. | |

Vertical series samples, and differences at times evident
between surface waters and discharges, indicate that chemical varis-
tion ocours from surface to bottom in the absence of a definite ther-
‘mal stratifiocation with three or more density layers. The absence of
thermal layers was definitely shown by a decline of caly 3° G over &
vertiocal distance of 81 feet in Garrison, and by declines of only
0.75° G in 60 feet and 3.5° C in 94 feet in Ft. Randall,

Varistion in nitrite aver vertioal distances in these reser-
woirs strongly suggests its major production by sooplankters, msny of
wirich carry on diurnal veriical migravions.

Longitudinal variation in R, Bnnda‘ll‘nadervoir vas not marked
with respect to any rpitnro- analysed in the vertical serisa. Hardness
4n surface vater, howovcr, inoreased n-azoa Ppm 11 ;u..b.m
. Ooanberlain to zasmaumnbm the daa,



THE NIOBRARA RIVER

This river had its chemistry altered by very dense phytoplankten
growths in May, June, Juiy, and hgnatr (Tables 19, Appendix, and 15,
Appendix). Bicarbonate axid total alkalinity vere reduced, and mono-
carbonate alkalinity and pH were elevated. Inflow of the Niotrara
‘tendod to ‘dilute minersl content as measured by hardness and alkalinity
at Yankton,

Phosphorous never ocourred in the available form; ammonia
‘nitrogen concentration never exceeded 0.1 ppm, and was at times 0,0;
and nitrite nitrogen was observed upon two occasions. Tne presence of
nitrite in this stream atrengthens the supposition thatv i1ts widespread-
ocourrence in the Missouri resulted from natural phenomena not present

during previous years of investigation.

‘Plankton concentration in the Micbrara vas at times nea _ ___
times as great as the maximum noted in the Missouri and its reservoirs,
Development to that level in most instances invoivea inoreases in groen
algae as vell as in diatoms, Superfioially, the lover Niobrara, a
shallow streas running over a vide sandy bed, may not have the appear-
ance of a Tiver promoting plankton development; yet, each year of

reoord has found it with substantial populations.
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TASTE AND ODOR OCCURRENCES

In March, Garrison discharges had a fialw odor, snd severe

~ tastes and odars developed at Yankton from materials contributed by
cleaning the settling basin. The fishy odor was still evident - below
Garrison Dam in April; and foam floating there had a greenish-yellow
color that was not associated with algal cells but with a oolor in

- solution. Mandan water plant operators receivea several complainis
| about tastes and odors in their finished water, April was a month of
high plankfon concentration in Garrison releases., Mandan had a less
dense population, but vas not immune to the effects of plankton
detritus. Operators alleviated the condition with increased dosages
of appropriate chemicals.

On April 18, the Chamberlain water department vas notified by
the Public Health Service throwgh the South Dakota State Department.

. of Health of a probable algal inorease to a nuisance level. Water

| operators immediately increased carbon and chlorine dosages and mffered
no complaints from tastes and odors: in finished water, Yankton water
operators were similarly notified on May 9, and they prosptly insti-
tuted remedial measures, Their attempts were not, cqmlq;o]; succeasful ,
as some odor was present in finished iqterr until May 31, However,

vthay received few complaints from city residents.

Mild tastes and odors were evident in finished water at Mandan
on May 21, shortly after ocarbon spplipation was reduced. Seversl
cosplaints arose from poor palatebility,of Bismarck water in. serly
May, but objectionable substances disappeared about May 20,
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In June the Public Health Service notified the Mobridge water

plant, through the ususl channels, of increasing algal density; but

no problem occurred. A minor taste and odor problem developed at
Ghamberlain in early July, but proved amenable to control through
inoreased use of carbon. Mandan experienced some impairment of water
quality on July 5 end 6. In Mugust the Public Health Service again
‘furnished notice of impending plankton increases to water operators

at Chembeérlain and Iankton; “and they weTre ‘able to maintain a pahtablo |
vater through increased ‘gpplication of carbon and chlorine. Chamber-
1éin experienced some trouble with 0il slicks that were windblown
upstroo.m from the sever outfall.

In recent years the ray fungl (Actinomycetes) have received
donsiderable attention as causative sgents of unuvory vastes and oa;;;. E
in waﬁar supplies, the clain being made in some q\urters that all
naturally oceurring problems of this sort are cuociltod with these
fungl, either by their growth in turbid vater or as parasites in !1801 1
cells (lo‘é“”'1952-53 report). %Grtim.‘lty"td asiuﬁt'é the role of
Kot inonyoetes in vater supplies taken from the Missouri River has not

“existed yet, very few tastes and odors have occurred unassooisted -
Jith algel blobms (refer to Table 15), the fev exoeptional cases oo-
owrring duriug declines of dense growtha. It is, therefore, obvicus
that ‘dlgas have been 1nvolved, either diroctly or indirectly, in
" establishment of oondi_t.ions Jeading to taste and odor production,

' Expioiishioes vith taste and odor probless indicate that control.
would have b wcve aa'aqma if aaamasi. contimious feed carbon
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expected frequency of reoccurrence of these problems in the reach of
Garrison Dam to Yankton, 1t is highly desirable that such equipment

be installed at all plants now depending upon uncontrolled methods of

~ spplication,
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RESERVOIR INFLUENCES UPON WATER TREATMENT COSTS

In the first two progress report.s (1952-53 and 1954), thie
section has been largely restricted to records of the the Yankton, |
South Dakota, water treatment plant, which in 1953 and 195, showed
substantial savings in coagulating and softening chemicals after Ft,
Randall impoundment.

In 1955, available yearly chemical consumption records were
obtained at all major Missouri River water treatment plants from
Mandan, North Dakota, to St. Charles, Missouri. Analyses of these
data indioate that many factors, process and personnel changes,
alterations, improvements, enlargements, intake relocations, con-
struction of new plants, etc., have contributed to variation in
usage of treatment chemicals. These occurrences prevent comparison
of pre- and post-reservoir records at the present time. When data
for a ‘few more years are available, a more adequate basis for ocom.
parison with historical records will exist.  Operational changes at
Yankton in 1955 now delsy any further consideration of that planmt
in this respect.

In general terms, all operstors have noticed reduced turbidi.
ties during the last three years; and most of them believe the olari.
fiocation has produced savings in coasgulants, At some plants practioing
softening, a trend toward savings in rav materials has been evident,
This trend was quite apparent at Yankton in 1953 and 1954, but dpere.
tional change resulted in increased use of such chemicals in 1954

when average hardness of rav water was the lovest on record, Becausae
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of such occurrences it appears unjustified to assume that treatment
plant operations will consistently reflect changes in river water

quality unless records cover a period of several years.



APPENDIX



-Tabls 1. Temperature sud Precipitetion Departures from Normsl - 1955

~5.53

Tova Nebrasks North Dakota  South Dekota Wyoming Montana

T (nhes) OF (nchet) OF (imhek) OF (ncwek] O (innes) OF (msned)

Jemary A1 -0.08 0.4 fO.08  fh3 -0.07 .7 0.3 0.6 -0.30 L8 -0.28
Folruary =1.8 J0.21 -4.9 #£0.19 -3.0 40.05 3.9 £0.33 3.5 4014 -3.0 Q.22
¥erch -1.8 -0.72 =Ll -0.69 261 -0.28 -2.3 -0.75 -5.2 -0,16 -7.6 A0.01
dpril £1.6 Jf0.88 J5.7 -1.12 468 J0.05 46.6 -0,68 -0.5 -0.57 2.1 4072
Yay A2 LA AWl 039 3.6 =035 451 -0.36  ALT J0.0L 2.5 f0.97
June ~2.4 =147 =34 F0.42 <10 0.2 2.3 0.3, -1l4 £0.35 -1.6 -0.T4
July 4.9 032 /4.6 -L55 4L8 071 437 -0.08 .8 -0.33 -l.6 4110
Magust Fhob =197 fh8 -LAd  AA2 -0.38 4h9 024 A3 4003 £L9  -0.90
September 2.3 100 /2.3 /0. 0.5 JO.08 f0.6 fO.3 410 015 -3 -0.62
Sotober  £0.9 -0.80 JL7 -L06 J3 -0.R  f24 091 426 -0.5% A9 =0.15
‘Bovember =64 -1.49 -6.0 ~0.49 -12.0 40.27 9.8 -0.28 57 J0.29 -12.3 #0.55
December  ~4.1 -0.60 4.4 0.1 8.5 -0.13 8.2 40U A7 J0.70 5.6 F0.70
domual o7 8.6 A0 -6 -0 0.0 239 0.2 0.5 -2.7 AL




Table 2. Approximste Average Deily Discharpes, ofs

Yelloust :
at e . Peck* Garrison Garrisen g i Tt Randall FL.Randall . .. Omaha
Sidney Discharge Ioflow  Discherge , Inflow Diacharge

3,900 5,300 8,000 6,400 6,400 6,500 7 JT0 9,700 8,700
4,600 5,100 10,600 7,400 7,300 6,900 7,700 9,000 11,250

6,100 6,000 13,900 5,400 5,50 15,000 10,600 1500 21,100
12,500 6,000 33,800 13,200 13,800 11,800 22,300 25,900 29,400
13,300 9,300 30,200 38,500 38,800 33,200 26,900 30,400 31,100
21,750 11,800 38,800 23,200 23,900 26,90 26,100 30,100 30,800
15,200 24,000 41,100 28,800 28,800 29,900 25,400 28,700 31,200
5,400 25,000 31,100 26,100 25,700 23,900 31,100 31,200 29,000

5,000 25,700 26,50 30,800 30,700 31,000 32,000 34,500 34,800
6,000 27,300 33,600 32,000 32,000 31,200 29,900 32,300 32,100
5,400 9,900 15700 17,000 17,400 19,300 10,000 11,200 13,400

5,000 5,600 12,200 9,200 9,200 9,000 9,300 8,700 8,300

EEEE SRR RN ER;

9’” 133“ u’m lg’m 20 ’lm m’m 20 ,Om 22 ,400 23 » §m

"ot all daily discharges availsble.-



Tabls L. Aversge Aunual Turbidiiies ppm, Water Plant Records

River Miles L70.5 L34.5 408.8 385.0 382,0 226.8 196.7 3646 36.0°
ST. JOSEPH ATCHINION LEAVENWORTH KANSAS CITY EM SAS CITY QLASGOW BOONVILIE ST. LOUTS ST. LOUIS
MISSOURT KANSAS XANSAS KANSAS MISSOURT 'MISSOURL KISSOURT [y 4 4 comTY
1918 2,329
19 1,820
1920 2,509 2,500
2 1,817 2,000
22 2,417 2,600
23 3,26L 3,800
24 2,208 3,100
25 2,162 2,500
26 2,209 2,600
27 3,29 3,100
28 2,881 2,400
29 2,246 2,000
193 2,0u0 2,200 1,88
n 1,012 1,50 1,578
32 3,187 2,400 2,637
33 2,857 2,000 1,920 1,900
% 1,668 1,700 1,300 1,300
35 2,308 2,200 1,400 1,400
% 1,654 1,80 1,600 1,500
3 2,692 2,700 2,000 2,300
38 2,304 2,300 1,800 2,000
39 1,93 1,700 1,600 1,800
1900 3,300 2,810 2,110 2,400 1,900 1,900
la &, 800 1,500 3,196 2,899 2,700 2,100 2,300
b2 3,700 2,200 3,237 2,192 2,200 6,300 1,610 1,700
W 2,600 1,200 2,161 1,668 1,800 1,250 1,30
L 3,100 1,500 2,380 2,052 1,900 1,800 1,900
us 3,100 2,000 1,073 2,085 2,00 1,800 2,100 1,500
W6 2,800 2,500 1,048 2,30 2,500 2,200 2,000 2,200
u 2,900 3,000 1,793 1,450 1,700 1,100 1,218 1,100
L8 1,700 900 1,994 1,8L9 2,200 1,600 1,600 1,700
Ly 1,600 1,000 1,551 1,L50 1,600 1,500 1,300 1,50
1950 2,378 2,000 1,861 1,870 2,200 1,800 1,760 1,700
51 2,539 1,500 2,060 1,8%0 3,200 1,30 1,L00 1,h00
52 1,970 2,000 1,L00 1,308 1,600 1,200 1,100 1,100
53 998 1,500 s 803 850 22 80 160 800
sl 1,086 1,200 10 s10 900 928 1,000 890 800
H M 3% 53 510 480 668 1,000 6008
Preispoundeent Years 2,800 1,775 2,043 2,190 2,97 2,045 1,692 1,615
Postinpouniment. Years 826 1,017 693 720 T3 829 93 25 33

# Jmuary through Movember anly.

Teble 3. Averege Tebidities gpm

BELON FT. .
COUNGT1# RAMDALL  RANDALL BELOM GARRISON ABOTR
BLUFPS OMAHA*  WANKTON AESERVOIR RESERVOIR CRAMERRCAIN PIERRE  MOBRIIGE BISURCE® MNANDAN  OARRTAON  RESERVOIR  QARRTSOM

January 78 %0 2% (¢ <38 [$] <35 <8 2 <35 s ¢

Pebrosry 3 2 <35 <% (¢ <3 <35 [¢11 E <38 [$ <5 <%
March s %2 129 <35 < 7 s ) 0 (41 <35 uz
frey las 6o u2 < <8 E 6us [ T Wk <8 [¢}1 2,000
"y 250 367 7 <35 <35 (L' 50 168 128 < <35 8%
Ju 24 3’2 53 <35 (43 -] 4 20 L] ] <5 [¢]] 1,500
iy ny 564 4] <38 <% &o " ws é o (%' <5 18
Angust a9 m b4 <38 (3 [+ 2% 18 [ 7 o8 <3 1
Septesber 226 14 w ($ ] 131 2,005 3% 10 7% & <% <38 2
Ogtober a8 300 3» <35 <35 %4 560 [ 1 <3 <3

Novesber 160 205 <38 <3 <3 135 no o 128 3 <38 <8 us
Deossber [ b1 Qs Qs <5 [¢'] <3 [$1 % <35 (3] (3 ¢ 1
1995 228 3% 93 <35 <% n 9 152 n k4] < s 63

« Daily recards furnished hy water plant opsretars.
# 5114 deposited vhen reserveir conditions prevailad stirred op by wind and water scticn.



Tetle 5. Aversge Tempersture, pH, Alkalinity, snd Fardnese

TR W moam. W T B BT T w . NP Mk Badees
P 9 o b pr= o PP P Fp= o b M . .l ol
AZOVE GARRISON RESERYDIR DARRISON RESERVOIR BELW OARRISON DAM
Jasuary 0,5 8.2 W 153 el 2770 0.5 8,2 1 160 284 210
February 0.0 8.1 L 156 170 250 .0 8.2 1 16? 179 260 0.5 8. 12 176 190 292
Yarch n,s 8.1 2 15 157 212 2.0 8,2 1 186 196 297 2,0 8.2 12 186 1968 296
april 18.0 8.0 o ns pit] as 5.0 8.2 1'1 166 178 28 50 8,2 n 170 15 288
ey 28,0 8,2 2 15, 156 2z2 9.5 8.2 [ s L | né 9.7 8,2 [ us 152 2%
June 18.0 8.0 [ 122 122 177 1.8 8.2 10 13 ua 206 6.0 8,2 10 133 UL 203
nly 22.5 8,0 3 13 s 186 20,0 8.2 0 1% s 154 1.0 8.2 8 uo 8 Pt
August a.o 8.2 9 17 156 223 aa 8.1 H 2 126 162 2.0 8.1 'S 126 130 182
September 15,0 8,2 10 150 160 240 15.0 8,2 2 126 138 186 15%.0 8.2 12 129 pin Y 186
Cotober 232 228
November 2,0 8.2 10 156 166 256 1.0 [55] W us 150 250 7.0 8.3 1 Ué 160 240
Decamber 1.0 8.1 10 180 1% 300 LS 8.3 b 157 159 2.0 8.3 b i<} 146 (]
Monthily Avg. 8.1 5 U8 153 228 8.2 10.5 wy 10 233 8.2 10,4 153 163 236
Annual dvg. L.s p1R 150 2 2.8 uws 157 233 9.7 3 150 235
MANDAN PIERRE MOBRITOE CRAMBERLATN
January 5.0 8.1 12 174 Hone 296 0.5 8.2 8 178 186 272 1.0 8.2 i mn 188 92
Febuary T} 8.2 6 185 Avid. 308 0.0 8.2 8 188 19% 288 1.0 8.2 w 185 155 X7
Parch 3.0 8.1 0 170 250 0.5 8.2 10 U8 148 268 1.1 8.0 k4 L3 15 182
april 6.2 8.2 1 159 Tk 13.9 8.2 W 159 181 26 12.2 8.2 10 158 168 272
My 1.0 8.2 8 s 254 135 8.2 8 140 1468 229 8.0 8.2 6 168 1% 260
June 15.7 8.2 6 331 225 8.5 8.2 L] 129 17 207 a.s 8.2 T 128 136 27
July 22,0 8.2 12 138 216 25.0 A.1 2 FIEN s 200 2.0 8.2 ? s 15, 2y
Avgust 20,7 8.2 1 12h 195 23.0 8.3 12 123 1% 180 2.0 8.3 12 13k U 20}
Septamber 15,0 8.2 10 125 192 12.0 8.2 10 126 1% 180 3.0 8.2 I 15 139 184
October m 10.2 8.2 b+ 5 b1t} 220
November beo 8,2 12 ws 23 Lo 8.2 bH] 2 13 3 255
Pecember 2.0 8.3 10 16 293 1.0 8. 10 184 14 259 0.5 8.2 10 175 185 289
Koathly Avg, 8.2 8.8 152 24 8.2 9.1 182 182 232 8.2 9 153 162 22
Annudl Avg. 2.0 18 26 9.6 152 161 a3 8.8 g 158 28
FT. RAKDALL RESERVOIR BRLO4 FT. RANDALL DAM TANKTON
January 0.0 8.2 6 1wy 15 250 0.0 842 ] g 153 249 0.0 8.2 & RN p 2Lge
Pebruary 1.5 82 I3 150 158 256 2.0 8.2 & m 157 25 LS 8.2 4 140 pinA %8
Yarch 3.0 8.2 n Uy 150 260 33 8.2 8 155 ®) 266 2.2 8.1 3 1% Uz 216
April 6.2 8.2 7 161 158 275 6.1 8.2 6 142 168 1 9.1 8.2 7 182 %0 1
Yay 1243 8,2 j§] 150 26 a5 [ ] L L7 18 267 16,9 8.2 n W pUY F38
June 18.2 8.2 1c uy 150 268 18.0 8.2 9 150 150 268 2.5 8.2 un 147 158 w9y
Jaly 20 8.2 10 5 us 225 a.8 2.2 [ PN ] e ;n 5.0 822 n % U 14
August 25,2 8.2 10 ua 152 227 25.2 8.2 ’ Wk 1% 2 25.2 8.2 12 W 152 220
Septanber 20,0 8.7 9 1% us 20, 15.7 B2 w W Uk 19,6 8.t 2 w3 u5
October 15.5 8.2 n 125 6 97 5.8 8.2 10 12 14 L) .3 8.2 1 125 L8 15
Novenber S8 8.4 10 00 U0 19 2.0 84 10 129 1 203 6.0 8.3 8 i By 200
December 1.8 8.2 8 jLIN 2 w0 8.2 ] 135 U 210 50 8.3 [ 11 150 22
Kouthly dvg, 8.2 9.2 W 1/ ¥ 82 &4 W 0 0.2 84 ML 150 23
Anmasl Avg. 9.6 A 183 2m 8.7 1S 153 L3 ) 91 W0 1
EIBARCE® OMANA® COUMCIL SLUTPSY

Jarmary 0.0 [ ] m 8 o 8.2 g 188 pLY 208 L1 [ 81 3 185 188 02
Tebruary 0.0 6.3 01 263 0.0 8. I mn 1y T 1. [ B 3 in s b
March (¥ 8,2 203 256 1.0 8.0 3 W8 oY 2 14 8.0 3 s T ny
April 7.1 0.3 w1 2% 3.0 81 1 [ 75 S K 1 3 M1 B
ey 1.6 8.1 Y n 8.9 8.2 p 172 a8 ok 18.7 8.1 3 U2 us 260
Jane né e 7 no ans 82 5 e 1o 260 2L.2 82 3 23 87 [
Sy 22.0 8.0 156 2085 7.8 8.2 3 156 mn 2% %.9 8.0 1 1 158 nr
Aogust 2.4 T8 U 87 %0 %} 13 16 i 20 .9 sa 2 183 155 ar
Septeuber 8.7 1C4 wo 89 194 Bed 3 pLo 4 W5 3 .7 82 ] ur ue ns
Ootober 12.8 8.1 ) ns 1.5 |5 ] & Us Ly W0 B2 e 1w
Sovember he? 8.1 " iy bk 8.2 b 156 713 a1 8y n:
Deoenber 0.0 8.0 ity 8 0.8 B2 3 W5 WE 2% 8.0 165 10
Noutaly sve. (B} m 82 33 2 a0 AY 1 K1 W
Annatl Avg. W m 5 W o A |\ e




Table 7. Hirdness Load Bntering, Laaving, and Remaining in Theoretical Storage; and Computed Hardness Load Lost from, or Oained in, Impounded Waters

H20 Lba. x 106 PP Rardness Hardness Lbs. x 103 Lbs. x 103
o @ mgs)ned in w ® a.g}ua w ® ngz.d in sm(-lgi.- co{uI:r)x 7 Acc\ll(ltia)ﬂun
Inftone Out flow Thooretical Inflow Outflow in Thear. Infiow Outflow Theoretical charged Flus Minua @
Stoarage Starage Storage Retainel load ColumlC Reservoir Floor
FT. RANDALL RESERVOTR 530,731
January 970,649 1,291,662 -321,013 292 243 270 283,430 321,62y 86,570 234,950 L8,k8o 579,211
February 1,088,LL5 1,167,171 -108,726 m 259 283 32l, 943 302,297 =30,769 271,526 53,148 632,626
March 2,488,189 1,680,434 803,755 182 26 22l 452,850 LLB,059 180,041 628,100 175,250 157,376
April 1,972,285 3,628,450 -1,656,165 72 275 27,8 $36,462 997,824 -452,961 5L, 663 =B,40L LbB,975
May 5,835,865 ,520,273 1,315,582 260 267 635 1,517,322 1,206,913 3b,656 1,553,569 36,247 az,re8
June 4,349,131 4,221,278 97,853 227 268 W78 980,443 1,131,303 24,219 1,155,522 ~175,019 237,649
July 4,985,016 4,142,723 82,353 2% 3 228 1,091,732 956,969 189,529 1,146,098 =54, 766 182,863
Auguat. 4,040,793 5,3k2, 784 1,201,991 01 228 2.5 812,199 1,218,155 -279,217 938,878 -126,679 56,204
Septenber 4,782,303 5,160,668 ~376,365 184 106 s 879, 5kl 547,001 -54,863 492,168 381,716 k3,560
Cetober 5,332,727 4,956,807 75,920 220 197 208, 1,173,200 976,492 78,379 1,054,870 18,330 562,310
Novensber 2,943,750 1,556,409 1,387,341 255 203 229 750,656 315,951 317,700 633,652 117,004 619,31
December 1,515,093 1,553,147 ~38,084 289 210 9.5 37,862 326,161 =9,l9l 316,467 121,195 800,509
269,776¢
GARRTSON RESERVOIR
January 1,376,468 1,066,543 319,925 270 285,267
Fabruary 1,615,393 1,121,506 493,867 250 252 m 403,848 327,80 133,8u3 461,323 «57,475 -57,475
March 2,394,332 897,123 1,497,209 a2 296 254 501,598 265,548 380,290 5,839 138,20 195,716
April 5,51k, 299 2,256,506 3,255,793 as 268 253 1,202,117 650,50 823,716 L,UT,166  ~202,0k9 67,765
May 5,110,654 6,4L3,360 «1,332,706 222 21U 218 1,134,568 1,378,879 -290,530 1,088, 3L9 16,216  -421,5k9
June 6,480,599 3,757,8% 2,722,765 177 203 190 1,147,066 762,840 517,325 1,280,165 -133,099  -55L,6u8
July 6,875,817 14y 732,561 2,143,256 186 it 190 1,276,902 918,117 uwn,n9 1,325,336 ~b,h3l  -601,082
August 5,278,6% 4,371,019 907,17 223 182 202,5 1,177,136 795,580 183,732 979,312 197,80k 403,258
Septenber L, 654,006 4,988,066 ~334,060 240 186 213 1,116,961 927,760 -71,155 856,625 260,33  ~lkz,922
October 5,690,163 5,365,616 320,547 228 1,223,360
Novenbar 2,480,518 2,515,398 -134,820 W6 240.5 288 635,028 629,003 -33,435 595,568 3,60 -103,462
December 2,070,l10 1,547,439 522,911 300 621,123
AL B
Table 8. Allalinity Load Brtering, 1saving, and Retaioed in Thecretdoal Stovege; and Computad Allalinity Load Lot from, or Gained in, Impoundsd Waters
ppm Alkalinity Los. Mlalinity x 107 oa, x 107
[$3) (2) [£)] Y] (5 (6) [O)] (8) (9)
Retained in Retained in Sum Ma- Column b Accwmiletia
Inflow Outflow  Theoretiocal Inflow Outflow Theaetioal charged Plus Minus on
Sterage Storage Retaina Load Column 7 Ressrvoir Floor
PI. RANDALL RESERVOTR U2, 203
January 185 153 169 179,570 197,624 ~5h, 258 U3, 13 36,197 S07,Llo
Pevruery w5 157 176 206,397 183,26 -19,136 260,120 152,287 549,727
March 180 162 156 313,228 4,583 125,386 399,949 26,721 $23,006
pril 168 168 331, 3kl 609,580 -278,23% 3m, 36k o 523,006
My M 158 166 1,015,k29 714,203 28,387 932,590 82,849 605,855
Jure 136 160 48 587,402 675,404 1,482 685,886 -1202,484 503,37
Jaly piN 19 767,702 617,266 127,195 Thly k62 23,28 526,612
August us 154 1% 589,956 822,789 ~195,299 621,490 ~37,53% Lag, 078
Septamber 139 ua 644,70 43,1% -53,3L9 689,767 «25,047 6L, 0%
October e 1% 12 789,24 67h,126 53,361 721,501 &,137 525,768
Woresber L] §25,768 N
Decembar 185 L3 184 280,292 222,100 6,24 215,859 6h,L33 590,20
118,958 x4
GARRISON RRSERVOIR
January 184
Pebrvary 170 190 180 27,617 213,086 57,566 270,612 3,945 3,58
Narob 153 158 175 366,333 177,6% 262,002 u,6:2 «13,309 53,34
apri us m 150 656,202 ko8, 790 488,69 897,159 210,951 «310,300
Yay 156 152 8. 97,262 979,391 ~205,231 77h,154 23,208 201,203
June 2 wh 33 790,633 5,128 %2,128 903,256 ~113,62) 399,036
Jay 1% Us Ul 928,235 700, 419 302,199 1,002,618 =7k, 383 4Tk, 229
mguat 156 130 w3 823,147 588,27 129,706 698,007 125,k =28, 768
Soptaber %0 u 150 Thkay 6 703, 317 50,209 653,208 90,433 257529
Ooteber 1 257,206 a
Novesber 146 160 13 L, a8, L8k -2,976 396,488 15,200 242,040 W
Decenber 10 10 wo 93,08 26,065 15 357,200 %6,178 ~25,070 20




Table 10. Averege Monthly Oxygen Concentration, § Saturation

Gareison Garrison Garcison  Mamdan Mobridge Chemberlain Pancill Pt nandsll Yamkbon

Reservoir Dam Reservoir Dam
Jan 89 106 100 88 89 86 g7* 92
Feb 76 88 100 96 87 95 90 0% 91
Mar 83 86 9% g8 82 87 9% %% 9N
Apr 99 99 117 93 104 96 96 125% 87
May 9% 97 116 96 89 88 98 126% 93
Jun 86 9% 124 93 85 84 22% 92
Jul 83 85 116 96 R 87 89 124% 90
hug 86 81 114 89 % &, 81 754 %
Sep 85 93 120 92 86 80 79 8T# %8
Oct 93 83 79 97
Nov 9% 84 126 9 90 93 93# 100
Dec 9 97 117 98 102 95 96 96# 98

1955 Yo Avg 88.1 89.9 114 94 9.8 89 89.2 100.6 93.6

* Flood comtrol discharges.
# Power plant dischargee.



Tahle 11,

Aversge Maonthly Nitrogen Concentration, ppm

Organic iy [ Ho3 Organic W3 NOy N0 Organte NRy N0z )
ABOVE UARRISON RESERVOIR NARRISON RESERVOIR BELOW GARRISON DAM

Jamary 0.59 0.1 0.0 0.07 0,60 0.1 0,0 0.08

Pebruary 1.1 0.1 0.0 0.25 0,73 0.1 0.0 0.12 0.6 0.1 0.0 0.12

March 0.6 0.1 0.005 0,28 0.9% 0.1 0.0 0,22 .67 <0. 0.0 0.23

April 2,76 0.1 0.01 0,38 1.72 <0.1 0.0 0,26 1.80 <0.1 0.0 0,25

May L <041 0.0 Q.32 1,16 <0.1 0.005 0,42 1.16 <0 0.002 0,34

June 2.5 0405 04005 0.27 0.70 0.1 0,005 0.34 0.70 0.15 04008 [

Juy 1.73 <0a 0,0 0,26 0.73 0,1 0,005 0,28 0.79 0.2 0,015 0.26

August 0.58 <. 0.0 0,70 1.08 <o 0,002 o.2h 1.06 <02 0.002 0.31

September 0.7k 0l 0.0 0,17 0.8k 0,1 0.0 [ %5 0,83 0 0,0 0,28

October 0.0 0.22 0.50 0.22

Novesber 0u6l [+ 0.0 0.18 0.7 0.1 0,005 042k 0.Ls 0.1 0.005 0.27

Decenber 0.86 Ol 0.0 0.32 ok 0.0 0.3 0.0

Aversge 1.36 0.z 0.002 0,33 0.8 0,10 0,002 0,23 0.61 0.10 0.002 0.2

MANDAN MOERIDGE PTERRE

January 0465 0.2 0.0 0,08 0.2 0.0 0.8 6,02

Fobrusry 0.65 0.2 040 042 0.1 0.0 0,64 0,0k

March 1.5k 0.2 0.01 0,34 0.2 0.0 1.26 0,02

April 1.38 0.1 04002 0,30 <0.1 0,0 Q.99 0.2

Yoy 081 0.1 0,002 0.33 0.2 0.0 0.86 0.3

June 1ok <04 0.002 0.40 0.1 0,005 0.9k 0,16

July 0,92 0,15 0,001 0,27 <0.1 0.0 1.3 0.12

August 0.£9 <0.1 0.0 0,27 0.1 0,0 1.04 0.04

September 1,00 0.1 0.0 0,22 <0,1 0.0 1,22 0,09

Ootober 0.0 0,22 134 0.05

November G, 0.0 0.1 0.0 L3 0.06

December 0.80 0.2 0,0 0,23 0.35 0.0 1.00 0.06

Avarage 0.96 0.12 0,003 Q.26 o2 0,000k 1.07 o

CHAMBFRLATN FT. RANDALL RESERVOIR BELCW FT. RANDALL DaM

January [N <0,1 0,0 0.03 1.0 0.1 0.0 0.01 0.78 0.2 0.0 o.1

February 0.96 [5Y 0.0 0.0l 0.57 0.0 0.0 0.03 0.53 0.0 0.0 0.03

¥arch 1.37 0.1 0,006 0.3 1.00 <0.1 0.8 0,02 1.4 <04 Q.0 0.02

aprid 1.8 0,05 0,002 0 1.3 0.5 0.0 (K] 1427 [N 0.0 0,02

yYay 0.64 0.1 0.0 0.37 0,64 <0.1 0,002 0,02 0466 0.l 0.002 0.02

June 0.88 <01 0.0 048 0.84 03 0,03 0,03 0,78 0.1 0,018 0,03

Jaly 116 <0 040 0,02 1.22 <0.1 0,03 0.22 112 <0.1 0,012 0.30

Angust 1.00 <01 0,002 0,03 1.0 <0,1 0,002 0.12 1.0 <0, 0,002 0.18

Saptember 1.08 0,1 0.0 0,08 0.9 0.3 0,0 0,07 0.9 0.1 0,0 0.07

Gotober 1.4 <0a 0.0 0404 1.32 0.15 0,0 0,09 1.22 [: 5% 0.0 0.08

Novesber 1.19 0,05 1,40 0.1 0,0 0,08 1.05 0.1 0,0 0,15

December 0,88 0.1 0.0 0,08 0.92 0.k 0.0 0.08 0.92 0.4 0.0 .08

Aversge 0.97 0,10 0,001 0.2 1., B 1 0,005 0,07 0.94 0.5 0,003 0.12

YANKTON COUNOIL BLUFFS

Janmary 0.80 <.l 0.0 0,29 0.0 0,58 0,005

Pebruary 0.60 <0,1 0.0 0,30 0.0 0.2 0.008

Yarch 116 0,15 0.0 0.0 0,005 1.20 0.008

pril 124 <0,1 0.0 0.0k 0,003 085 o

Yoy 0.50 <01 0,002 0,02 v 0.3 0,008

June 0.78 <01 0.0l 0,08 0,000 0.50 0,008

My 115 <od 0,005 0.08 Q.00k o. 0,008

Ingust 0.97 0.1 0,0 0.04 04005 o 0,005

Septesber 1,00 <o 0.0 0.08 0,005 0.38 0,00k

Oovaber pE Y <0a 0,0 0403 0,008 0.50 0,00k

Yovesber 1.20 002 0.0 0406 04005 0.1 0,004

eosuber 0.9 0.3 0.0 0406 0.5 0.5 0,005

Iverege 0,96 0.10 0,002 o 0,008 0,50 007




Table 13. Averege Nonthly Phosphorous Concentretion, ppm
Total Phosphorous Phosphates
ABOVE GARRTSON GARRTSON BELOW CARRISON FT. RANDALL BELOW FT.
RESERVOTR RESERVOIR naM MANDAN PTERRE CHAMEERLAIN RESERVOIR RANDALL D4M YANKTON CQUNCIL ELUFFS
Janaary 0,028 0.028 0.10 0.8 0.18 0.20 0.24 0.20 0.0
Pebruary 0,20 0.09 0.10 0.14 0.21 0.2 0.18 0.18 0.20 0.0
March 0.1 0,08 0.04 Oels2 0e2h 0,27 o.2L 0.18 0.22 0.0
April 1.k 0.08 0.11 0.22 0.17 0.21 0.18 0425 0.26 0.0
May 0,32 0.20 0.20 0.22 0.22 0.25 0.22 0.21 0.18 0.0
June 0,56 0.17 0.20 0.2 0.22 0,26 0.16 0.15 0.1y 0.0
July 0.52 0.06 0.0 0.l 0.36 0.11 0.15 0.15 0.17 0.0
August 0.17 0,10 0,08 0.24 0.20 0.18 oak 0.16 0.16 0.5
September 0.22 0.72 0,70 0.22 0.25 0.22 0.25 0.27 0.22 0.8
October 0.2 0,22 0.29 0,26 0.21 0.27 0.26 0.26 1.0
Bovembes 0.58° 0.1 0.16 0.27 0.1 132 0.58 0.88 0.5
Decenber 0.L7 0.27 c.21 0.28 0.2 0.21 0.22 0.2
Aversge 03 0.22 0.16 0,25 0.22 0.24 0.27 0.24 0.26 0.25
Tsble 12. Aversge Annual Nitrogen and Total Phosphorous Concentrstion, ppm
Total Phosphorous Organic Kitrogen Ammonia Nitrogen Nitrite Witrogen Nitrate Nitrogen
1952-53 195% 1955 1952-53 1954 1955 1952-53 195k 1955 1952-53 1954 1955 1952-53 195U 1955
ABOVE GARRISON RESERVOIR 0.31 0.L3 0,72 1,36 0,064 0.12 0.0+ 0.002 0.16# 0.33
GARRTSON RESERVOIR 0.18 0.22 0.56% 0.6 0,08% 0.10 0.0% 0.002 0.10% 0,23
HELOJ OARRISON DAM 0.14 0.16 0,56% 0.81 0.20% 0.10 0.0% 0.002 0.10% 0u24
MANDAX 0.26 0,25 0,59 0.96 0,10% 0.12 0.0% 0,003 0.16% 0,26
PIERRE 0.094 0,22 0,22 0.75 0.kl 1.07 0.08 0.008 0.11
CHAMBERLATN 0,061 0.20 0,24 1.01 0.38 0.97 0.35 0.10 0.10 0.0 0.0 0.001 0.08 0.05 0.12
PT. RANDALL RESERVOIR 0,28 0.27 0.70 0.35 1.0 0,29 0.18 Odll 0.0 0.0 0,006 0.01 0.07
BELOS PY. RANDALL DAM 0.065 0.2 0.2L 0.63 0.32 0.9k 0.29 0.09 0.15 0.0 0.0005 0.003 o1 0.006 0.12
TANKTON 0.063 0.37 0,26 0.75 0.1 0,96 0.4 0.10 0.10 0.0 0.0 0,002 0.11 0.03 0.11
Y 0.097 0.80 0.Ls 0.L7 0.002 0.0 0.005 0.15
COUCIL BLUTTS 0.50 0,007

# July - December records oaly.



Table 1k.

Nost Numerous Organisms at Bach Station in Descendirg Order

ABOVE GARRISON OARRISON BELOW GARRISON “MANDAN, N. DAK. MOBRIIOE, S. DAK. MISSOURY RIVER AT CHAMHERLAIN, 8. DAK.
RESERVOIR RYSERVOTR DAM W.W, INTAXE W.W. INTAKE PIFRRX, S. DK, W.W. INTAKE
Asterionella Asterionella Asterionella Asterionells Asterionella Asterionells
January Buglena Tuglena Heterotrichales ep. Heterotrichalss op. Heterotrichales sp. Heterotrichales l’p.
Heterotrichales sp. Hetarotrichales sp. Dattylococsopsis Dactyl . Anici, d & Cyclo.-8teph. gr. &
Chlamydomonas gr. Chlamydamenas gr.
Cyolo.-Steph. gr.* Duc tyl Dactyl P y pais Dactyl P Dactyl P hales sp.
Febraary Meviculs gr. Asterionella Asteriomlls Distoma elongatum Asterionella Aaterionella Dactylocoocopals
Diatoms slongatum Diatoma elongatum Astericnella Diatoms el it hales sp. Asteriopella
Naviculs gr, Cyolo. chaet.# Cyclo. chast. Asteriapella Dactyl ] Dactyl Dactylococcopais
March Chlasydomanss gr, Dectylococcopaia Asterianella Deotylococcopeis Asterimells Asterionella Asterionells
Nitmschia gr. & Asterionella & Distoma elongatum Diatoma elongatum Rhizosclenia gr. Naviculs gr. Aniistrodesms
Rhisosolenia gr. Distoma elongatum
Niteschia gr. Cyolo. chast Cyelo. chast Astarionella Chlorella Asterionells DMatoma elongatum
April Diatoms vulgare Asterionells Asterionella Dactylococsoopsis Asterionslls Chiamydomonas gr. Asterionella
Cyclo,~Steph. gr. Rhisosolenis gr, Rhizcsolenis gr. Diatoms elongatvm Distome elangatum Dlatoma elongatum Cyclo,-Steph. gr.
Asterionells Cyclo.-Steph. gre Cyolo.~-Steph gr. Cyclo.-Steaph, gr. Cyolo,-Steph. gr. Cyal o.-Steph., gr. Cyclo.-Steph. gr.
ey Nitsschia gr. Asterionella Buglens Asterionella Asterimella Asteriaonslla Astericmlla
Chlmmy qr. Chl gre Chlorslla DMatoma slongatum Chlanydomonas gr. Chlamydomonas gr. Chlamydmanas gr.
Nitsschia gr. Cyolo.-Steph. gr. Cyclo,~Steph. gr. fhisosolenia gr. Cyclo. chast. Cyelo.-Staph. gre Cyclo.-Steph. gr.
June Ravimla gr. Asterionalla Euglena Fregilaria spp. Rhisosolenis gr. Rhisosclenia gr. Rhiscsclenia gr.
Surirella Trachelomonas Navicula gr. Cyelo.-Steph. gre Cyclo.~Steph. gr. Asterionslla isterionells
Cyclo«-8teph. gre Chlanydomonss grs Navicula gr. llﬂcuh . Rhigosolenia gr. Cyclo,-Steph . gre Gyolos=Stepi. gre
July Rhisosolenia gr. Naviculs gr, Diatoma vulgare . gr. deria Rhisosolenia gr. Rhisosolenia gr.
Scenadesmus bijuga Trachslomonas Coslastrum Schrood-un Mavicula gr. Naviculs gr. Navicula gre
Kavicula gr. Aphanizomenon Aphanizanenon Navicila gr. Fhisceolenis ¢r. Cyclo.~Steph gr. Cyclo.~Steph. ¢gr.
Auguat Rhizomolenia gr. Chlssydomonas gra Cyclo.=3teph. gr. Rnixosolenia gr. Nevicula gr. Rhisosolmnia gr. Rhisosolenia gre
Nitsschia gr. Cyclo,-Steph. gr. Euglena Oscillatoris gr. Stichococous Cyclo. chast. Kavicula gr.
Rhinosolenia gr. Cyelo.-Steph, gre Cyolo.~Steph. gr. Cyolo.-Staph. go. Cyclo.-Steph. gr. Cyclo.=Steph. gr. Cyclo.~Steph. gr.
Septeaber Navicula gr, Aphanizomenon Aphani Aphani nisomenon Rhim solenia gr. Rhisosolenia gr.
Cyelo.-Steph. gr. Paglena Oseillateris gr. Nevieula gr. Havieula gr. Naviculs gr.
Cyclo.-Steph. gre Cyclo,=Steph. gr. Cyclo.-Steph. gr. Cyolo.-Steph. gr. Cycla.«Steph. gr.
Octobar Aphanizomenon Aphanisomenon Aphanizomenon Aphanizomencn Aphanisomenon
Euglena Distoma wulgare Naviculs gr. Navicula gre Navicula gr.
Synedra gr. Cyclo.~Steph. gr. Cyclo.-Staph. gr. Cyelo,«Steph. gr. Cyclo.sSteph. gr. Cyclo.-Steph. gr. Cyclo,«Staph. gr.
Novesber Naviouls gre Fuglena Tuglena Wavioula gr. Aphanisomencn Aphani somssncn Aphanisomencn
Cyclo.-Stephe gre Asterionells Qlosaoystis Asterionells Diatoms vuigare Navicula gr., Cyclo. chast.
Mitesohia gr., &
Glasocystis
Cyclo.=3teph. gr. Cyula.-stopm Rr. Cyclo.-Steph. gr. Cyolo.-Steph. gr. Cyalo.-Steph. gr. Cyclo.=Steph. gr. Cyslo.=Steph. gr.
December Euglena 1ens Euglena Aaterionella Asterionslls dlosocystis Asterionslla
Daatylococcopais & Asterionella Asterionella Kavicula gr, Buglena Ruglans Puglens
Cyelo. ahast.
FI. RANDALL BELOM NIOERARA RIVER AT YANKTON, 3. DAK. OMAHA, NEBR. GOUNCIL BLUTTS, 1A,
RESERVOIR FT. RANDALL DAM NICBRANA, NEBR. LAY nmu .M. INTANE W.W, INTAKE
Asterlonella Asterionalla Asterionella Chlorella Ohlamydamanas gr.
Jamary Chl g Chlaxy . Anlistrod Chl Chlorells
Buglena Euglena Trachelomanias Cyole.«Steph, |r. Gloscoywtis
Asterionells Aaterionsllis Asterionella Asterionella Chlamydomonas gre.
Pebruary Ohlardomonan gr. Suglens Ankistrodeswas Cnlb--m e AstsTionella
Ruglens Chlamydomonas gr. Chl £ £ Culorelln
Asterionella Asterionella Astarionella Asterionella Rtsachia gr.
March Ankistrodessmus £T. Pragilaria spp. Witzechis gr. Asterionalla
Boglena Zuglena Beterotricbales op. Syoedre gr. Synedre gr.
Coscomonas Tuglens Pragilaris wp, o s gr. Cyclo.-Steph. gr.
April Ruglana Heterotrichales sp. Nevicula gr. Asterionells Navioula gr. Aaterionslls
Heterotrichales sp. Ankistrodesms Niteschia gr. Deotylocoonopeis Cyclo.-Steph. gre Cyolo,=Steph. g
Asterionelis Asterionells Ankistrodesmus Astarionells Astariomslla Asterionella
Yy Gyelo.-Steph. gre Cy¢lo.~Steph. . Oyelo.-Steph. gre [ is gr. 4 leni
Ankcistrodsssus Diatoma elongatom Rhisosolenis gr. Diatams elongatom Cyelo,=8teph. gre. Distom uqu\- &
Cyolo,~3teph. gr
Ruglena fuglens Soene. dimarphus Neviculs gr.
June QOloscaystis Cyolo.~Steph. gr. Ankistrodesses Qyslo.=Steph. gre
Asterionslls Asterionella Rhisosolenis gr. Rhisosolenia gr.
Koglena Cyclo,=Steph. grs Anki ia gr. s gre Wavicula gr.
July Cyslo,-Steph. gre Coocamanas 2hisosolenis gre ¥aviculs gr. Rhisosolenin ¢re Ehizosclemia gre
Asterionell Prachel DPlotyoep i Cyolos=Staph. gre Cyslos-Staph. gre
enl . Chlmeyih . rod Chlanydomonss gr. Gralo.-Supn. ¢ Oyvlo, Sueph. gr
Angust Cossononas Coosononas Rhisoseleals gr. Cyolo.-Stephs n-: . n--' -;h -3 )
Cyolo.=8taph. gre Cyclo,=Steph, gr. Cymbella Ankistrodeseus llu-h ere Mo
Oyelo.~Steph. gre Qyolo.-Steph, gr. Cyole.~8teph. gr. * Cyclo.-Staph. gr. Oyala.-Bteph, gre
Penb Chlamy . Chlamy -0 Chlamydomonas gr. Neviculs gr. ouls gre
Cosdoménss Coscomanas Teterotrichales op, .r-
Cyola,-Steph. grs Crolo.=Stephe grs Havionls gr, 8t L3 Stiehogonems
Ootaber Stishoooocus Btichocooous Fragilaris wmpyp. Savicula gr. Naviowa gre Navionds gre
Maviculs gre Naviaula gr. Ankigtrodesses Cyslo.-Steph. gr. Cyclo,-Steph, gr. Gyolo.~Bteph. gr.
Neviowla gr. :nmm Maviculs gr. > Cyulo.-Suph. Ir,
8 ns, quadrissuda Oyela.Staph. gr. Oyelo.«Bleph. gr. Wvils gre .
Colos-Steph g5, & Oyslo.-Sbesh. gre 4 S . o s U
Buglens
Ieglons lo,=Steph. gr Nevieula ~Btaph, Cgole.-Beph.
Dosenber Cyslo-Steph. gr. e Guls . are rdoamas g1 . o
Chlamydamcnas gre o ‘m‘n :::x-.u [

Thizesslmis gr.

» Cyelotalls-Slepbanediseus growp
# Oyoletalla shsstonerss

L}
MOTE: In &l ea00s when Averege A Maxinum sewsts for Gos manth are 4hs same, enly e swxple was esllected for Shat mewth.



Table 15.

Average Plankton Concentration, No. per ml.

Average  Maximum Aversge  Maximum Average Maximum Average Maximun Average Maximum
GARRISON .
ABOVE GARRISON RESERVOIR BELOW GARRISON MANDAN MOBRIDGE
January L2s 868 450 795 25 408 193+
February 12+ 206 239 19 2L3 159 222 227+
March 12# las 853 387 670 200 253 160
April 33« m 1,397 982 1,787 L2 578 1,5924
¥ay 107 131 264 529 307 710 506 607 129 200
June 3 Lo 23 70 6 130 57 85 686 1,263
July 59 106 3 72 38 9 N 9 23 298
August 70 124 20 58 15 23 50 67 218 266
Septenber 135% 69 85 58 88 us 222 16w
October 173 247 192 286 224 299
November 104 u9 106 W6 10 L6 92 132 257#
December 25 30 L8 Ly Lk L8 32 ¥ 23
PFT. RANDALL BELOW
PIERRE CHAMBERLAIN RESERVOIR FT. RANDALL NIOBRARA RIVER
January 206 215 276 302 225 253 230 290
February 240 287 us m 323 357 27% A2
March nus 197 198 300 436 555 322 AR §
April 252 390 850 1,103 258 Ll 321 428 83
May 233 386 69 100 1,116 1,522 840 1,1 10,035 18,015
June 132 154 Lo2 1,172 104 196 82 108 3,200
332 36l 179 s b6 70 22 35 17,929+
August Lsk 1 Slls 93 401 965 3hy 906 8,591¢
Septenber W2+ 106 172 350 614 las 2L
October 393 L7 36L 473 269 Lgs 2 566 282 325
Novenber 2l 137 376 9 n Lk 3
Decesmber 28 3k 2 26 82 U 67 28
YANKTON OMAHA COUNCIL ELUFTS
January 106 13 3% L62 268 38
Pebrusry 150 192 120 154 92 106
March 123 182 48 70 36 52
April w8 s %0 197 60 18
May 1,067 1,98 270 270 325 325
June 201 32
297 376 220 306 3%3 563
August g50 %1 n 578 363 o718
September s43 1,088 306 ks 370 509
Ootober 255 3o 263 38 232 >4
November 39 8 42 78 84 9
December 32 us 686 1,6k2 368 53k

# Only one record.



PO, prm

Table 19, Summary of Individusl Physical and Chemical Analyses - Miobrara River
Year - 1955 48 5/9 57 523 531 &2 1/25  8/30  10/6  10/3
Teaperature °C 15 17.5 23 22 20 29 21 14 13.5
Turbidity ppm 350 180 210 260 310
pi 8.0 8.2 8.4 8.2 8.2 8.5 8.4 8.2 8.0
03 A1k, ppa 4 10 16 8 10 20 12 10 0
HCO3 Alk. ppa 136 125 105 m 116 116 107 105 126
Qxygen § Sst. 9 95 103 95 91 76 93 88 104
Wi N pym o 0.1 0 0.1 0.1 0.1 <01 <01  <0.1
WOy ¥ ppm ) 0 0.005 0 0 0 0.005 O
0 0 0 0 0 0 0 0 o




Table 208, Individual Piankton Analyses - Above Garrison Reservoir

Year - 1955 2/15 311 LNh2 5/3 sy &1 /22 1/6 1/ 8/9  8/23  9/28 L/h 11/26 12/9 12/22

PHYTOPLANKTERS

BLUE-GREEN ALOAE
Aphanizomenon 1 1 P
Dactylococcopsis 1 1 1 J 2
Oscillstoria gr. P 4

YELLOW~GREEN ALOAE

DIATOMS

Asterionslla 1 1 6 55 3 3 5 3 P P
Cocconeis 2
Cyclotells chaetoceras 1 1 7 5
Cyclotells sp. 3 2
Cyslotella~Stephanodiscus gr. 5 4 1 6 1 1 26 4 9 12 19 L 6 2
Cymbella 1 2 1 1
Diatama vulgere 7 10 6 2 [y 2 2
Fragilaris crotonensis P
Gomphonema 2
Gyrosigma gr. 2
Melosira (a) P

LI T TRV
-

Melosira (b)
Naviculs gr. 3 N 1 15 9 6

¥itsschis gr. 1 2 15 u 24 9 17 H 15

&=
-
~

Rhizosolenia gr. 2 10

w
5B &5 w W ow
-

Surirella 3 [ 1
Synedrs gr. 2
JANTHOPHYCEAE
Heterotrichales sp. 3 7 ?
GREEN ALGAE

I I -

Actinastrum 1 3 1 1

Anidstrodemus 1 1 3 1 L

Chlamydomonas grs 3 1 17 5 2 2 H 3 1 b3
Chlorella 1 1
Closteriopsis 1

Coccomonas 3 3

Coslastrum 1 i

Crucigenis quadrats 4

Crusigenis tetrapedia 1
Dotyosphserium 1

Gloeooystis 1 1 3 1 5 ? h

Pandorina 1 2 2

Scenedesmus bl juga 1 17 n

Scenedssmus dimorphus 13 1

Soenedesmus quadricauds 1 1

stichooccous 1 1 1 1

Tetrasdron duospimm 1

Tetrasdron quadratun 1




Table 20b. Individual Plankt.n Anelyses - Oarrison Ressrvoir (Gont.)

Toar - 1955 572 579 L6 5723 6/1 73 &/ 6/20 6/28 173 77 7738 7725 81 8/6 §/13 67

PHYTOFLANKTERS
BLUR-CREEN ALOAX

Ansbawne

Aphanizomenon 38 3
Daotylocoveopa Ls 21 16 13 1 H

Oneillatoris gr. 3

YELLOW=GREEN ALOAE.
DIATOMS

Asterionells 3 3 2 8 9 1 2 4 1
Cyclotells chastoceras 5y H 1 1
Cyclotella sp. 2 1
Cyvlotella-Stephancdiscus gr. 1 1k 1l 327 9 2 1 2 3 1 9 1 2
Distome slongatum 3 15 [} ?
Diatoms vulgare
Fragilaria orotonensis 2
Frogilaria sp.
Gomphonema
Melosirs (b) 3
Naviuls gr. 1 1 1 2 6 2 1 1?7 1 L
Nitsachia gr. 13 1 1 1
Rhisosolenis gr. 1 1 7 1 1 3
Suripella L 1 10 16 3 1
Symedra gr. 1

JANTHOPHYCEAR
Heterotrichales sp, L pis} S

GHRYSOMHYCEAE
Dinobryon [
Mallomonas 1

GREEN ALGAR
Aotinsstrum 1
Ankistrodesmus 1 2 8 2 1 1 1 E]
Chlamydomonas gr. 1) 27 Lo g b) 3 3 7
Chlorella H 9 % ? 3 1 b3
Clastericpaia
Cogsamonss 2 2
Coelastrum 1 1
Cruoigenia quadrsts 1 1
Distyosphasrivm
Elakatathrix 4
Glosocystis L L 2 H 1 1 1 1 1 1 1
Golsnleinin b
Legerheinia quadrisets 1
Lagerheinis wratislswiensis
Misrsotiniom 1
Oucystis 2 2 2 1 L 1
Pandorine 1
Planktosphsaria
Scsnsdessma dimarphus
Scensdeswus cpoliensis 1
BoensGamE QUAArLGEUGA H
Schroederia 1 3 6 1 2 1
Sphasroeyetis ] 1 1
Stichococcus 1
Tetrastrun elegans
BHOLENOPHITA

aglena 1 15 2] 3 n 5 1 3 2 2 1
Trachelomonas 4 6 6 ph:J 2 1 4 3 1

YELLOW-0OWN ALOAL
DINGPHTCEAR

Corstimm 2 1

avmy - €0 Dmbe S0



Table 20b. Individusl Plankton Analyses - Jarrison feservolr (Cont.)
Yoar - 1955 8/25 96 953 sAs /% 103 10A0  10A7 162 1/n WA wAd uw/a u/Rz8 1k 1Az 1Ay

PEFTOPLANKTERS
BLUE-GREEN ALOAE

Anabasns 1 P
Apha i somenon &7 39 L] 2 s 105 12 P 5 1 3
Dactylocoscopsis 1

Oscillataris gr.

TRLLOM-GREDN ALOAE
DIATOMS

Asteriomella r 1 1 1 6 13 3 0
Cyelotella ohaatocerss 2
Cyelotells ap.
Cyolotella-Stephancdiscus gr. 3 10 15 42 7 120 & 9 pr] 9 us 93 8o 31 & 9 e
Dlatoma elongatum
Tatoms vulgare H
Tragilaria crotonsnais 1
Fregilaris sp. 6
OGomphonens
Nelosire (b)
¥avioula gre 1 1 H 1 1 1 1 1
Mituechis gr. 1 A
Rhisosolenis gr. 2
Surirells
Synedra gr.

TANTHOPHTCEAR
Hoterobrichales ap. 1

CHRYSOPRYCEAL
Pioooryon
Yallomonas 1 2

OQREEN ALGAL

Aotinastron
Ankistrodssms 1 4
Chlamgdomonas gre 3 1
Chlarslls 1 1
Clortoriopais 1 1 1
Coocomonss 1
Coelastrum 1 1
Crucigenis quadrats 1 1
Dist yusphssrius 1
Ratatothrix 2
Oloscystis b ) 1 2 2
Galenkinia
lagerheimis quadrissta
Lagerheimia wratislarisosis

Moreotinium

[ 1 1 1 1 1
Pandorina

Planktospheeria 1

Sep- - Gnre, et



7Table 20c, Individual Plankton Analyses - Dolow Garriscn Dam

Year - 155 5 U AT iU A 2 k3 e 3R Ak A e /8 VT W W

P s Suae
Anabeens
Aphanitonmon
Chroococous 1
Dactylosoccopais u 9 21 26 3% &8 i 68 62 82 n 24 13 51 6
Qscillatoria gr. 1
TELLOW-OREEN ALJAE
DTS
Awphiprors
Asteriocnella 503 33 m 92 66 Ll R 27 3 27 B
Cyclotella chastoceras 15 280 810 756 3
Cyelotells dp. n
Cyolotelye-Staphanadiscus gr. 3 bt 8 8 n N 1% u n n 12 ] 12 28 3
Cymbebis 1
Diatoma alongatun 10 1 u 2 15 28 23 30 27 58 6 19 8 50 85 [N 13
Diatoma vulgare
fragilaria crotanenais P 2
Fragilaris sp. 3
Gomphanena 3
Oyrosigms gr. 1 L
Melosirs (a)
Vavicula gr. 1 1 1 2 H 1 1 2
Nitsschis gr. 5 5 1 2 1 b 5 [
Mnisosclenia gr. 3 2 4 16 7 12 3 0 L] b 59 bH i 5 a0 1 u
Sorirells 1 1 1
Synedra gr. 3 1 n ¥ hs )

ANTHOPHICEAE
Hetorctrichales sp. 14 17 A b n 2% 14 8 H 1 ] 51 8 5 7 2 2

CHRISOPHTICZAE
Dinobryon 1 un 20 & 2 45 7

Mallomonas

-
-
~
-
w
-

GHEEN ALGAE
Attinastrum

Anicistrodemes
Chlsmydomonas gr.
Chlorells

“
-
o
-

a2 L 1

5
e
o

15 3

- F @ o
&
-
E
-
o
19
o
-~ F 5
B
14
&
8
o

Clostariopsis

CGocoommas 2 3 &
Coslastrum 1

Cruclgmia quadrats ¥ v L] L} 1 7 3 1 2 15 2
Plotyosphserimm L 1 3 2 1 1 1 1
Kakatothrix H

Qloscsywtis w H 1 2 2
lagsrheinia quadriseta 3 b

Lagerheimta wratislaviemein 3 1

¥ephrocytiua

Gooyetis 2

Pandorim 1 1 3
Fediastrus duplex 1

Rhinoohrysis

-
-
B s oo ww
-

Rhiscclonimm

Sosnedemms bijJuge 1 1

Scenedesmus dimarpius 1

Somnsdesuis opoliemsis

Scenedeswus quadricauda A

Sohroederis

Sphasrooystis

Stasrestrum paradacus

Tetrastrom elegans 3 2 1 b 2
Mothrix

EOEINOPTTA
Toglons #3 U Y 4 & 10 7 ] n ) % (3 30 108 93 0 :

Batreptia

TOPAL ”ws L 9 »y 190 %y 1% ) w us m 56 m 0 L1 L5 L) uw

Arag - S8 - AmARE, POV



Table 20c. Individual Plankten Anslysee - Below Jarrison Dem (Cont,)

Vear - 1958 572 4 ShE 5723 éA &6 LAl L3 [ [ A 7/28 7 BA &8 8715 LEH

A,
Anabasrs
Aphanisomencn 1 0 15
Chroococcus
Deotyloscecopais 10 4 I8
Omoillatoria gr. 3
TRLLOW-GREEN ALGAF
oLATONS
Anpbdprors 1 1
Astericralla 6 2 n 13 H 1 i
Cyclotella chastoderss 12 22
Cyelotella-sp.
Cyclotella-Stephanodiscus gr. 17 8 83 [ 59 b 2 1 L 2 3 8 1 1 b
Cymbella
Diatoss elongatum 1 2 13 1 L
Diatoms wulgare w 2 2
Tregilaria crotonensis 1 2
Fregilaria op, . 4
Gomphoname 1 2
Gyvosigma gr.

»

Nelosirs (a)

Faviculs gr. 2 3 4 2 1 H ™) 1 1 3 1 1
Fiteschis gr. 1 2 1 i 2 1

Kdsosalenis gre S 2 1 1
Surirells 1 15 18 L}

aymedrs g1 2 1 1

TANTHOPHYCEAR
Heterotrichales sp. 3 2 12 2 1

CHRISGFHICEAR.
Mnobryon 2 3 2 2

Chlamydomonss gr. 1 1n
Ghloralls 22

28w o~
[PRRPFEPAETY
w
-

Clostariopais
Cosoomonss b 2 1
Coslantrm
Cruckgendia quedreta 2 1
Motyosphssrium 1

-
-
3
-

Elakstothrix s 2 1

Glosocystis 4 1 2 2 1 3 2

lagerheinis quadrisete 1 1 1

Lagerteinia vratislawvisnsis 1

Fephrocytium

Docystis 1 1 1

Scenedemmus bijuge

Scensdesmus dimorphus 1 1

Scems demmus opoliensis 1

Soanedesmua quadricauds 1 1 1

Schrosdaris 1
Bphasrcayetis 1 1

Staursstrum paradasm

Buglens » 7 n 3 2 ? 1 L 5 ? ? H

Strombllidium 1

$
-
-
o
o ow e oeow

ey 58+ 000, Wit



Table 200, Indlvidual Flankton Asalyses - Below Gerrison Dam {Cont.)
Toar - 3955 825 96 93 vhw  vhs WH__ who WAy wokk W/ wh UAL wa uid 125 1aAz | 12

Cyolotalls ohsstocerss 1 1 1 3
Gyslotells mp.

Cyclotella-Stepuancdisous gr. 13 10 22 8 62 1m 80 120 w2 m 124 w0 83 32 2 10 8
Cywoells

Distoms slangatan

Distoms vulgare 2 4 9 5

Pragilaris arotonensis P L
Fragilaris sp,

QGomphonema

Gyrosigma gr.

Telosira {8} P P

Neviouls gr. b1 1 1 1 1

Nitssohis gre 1
Rrisceclenia gr. 1

Surirella 1
Synedra gr.

-
-

LAE
Hetarotrichales sp.

CHRISOPHYCTAR
Dinobryon

Hallomooas 1 1 2

GREEN ALGAT
AMatinastrm

Anicls trodeesns 1 2 H
Chlamydoncnas gr. 2 2 1 1 1 1

Scermdemme dimorphus

Scenedesmus opoliensis

Scangdesmas Quadricsuds

Bohrou deris 1 1

Btaurastres phradaram 2

oy woo% 0 b Moo e am w0 wh W L o & B M B

“aing - 68+ SRS, W0



Vie Wi 1AL um

[l

A

Astariomlls 205

Tdatoma slongatum 3
Diatoms hismsle

Dlatoma vilgare

Pregilaris orotcoansis 1
Pragllaria .

Oamphonsus

Qyrosiges gr.

Malosirs ()

alostrs (b)

Navionls gre 1
WitesoMa gr.

Rhisssclenis grs 1
Surirells

Symdre gre

TANTHOMH TORAS
Damilleris

Feterotricheles wp. 116

CHRTSOPHICEAR
Bincbryen

ORERN ALGAR

3

v e e o

3 &2

Ly 3

w 8w ow
w

»

-

5

3

23

Egg.

v B B3

»

r e ook




feble 204, Infirvidwl Fiantton Analyses - Mandes (Goot.)

Yoar = 18 O

o it
Anabesoa

Aphand sosinon

Daotylesoscopeia 19 9
RNostae g

Oeeillstoria gr.

Eetarotriohales wp. s S

Chlorells 5 k

£ e e o

w B o »

L=~

1

w e e

- e oW

e w & =

k2]

[V

-

-

[PRY- I




Table 20d. Indivicusl Plankion Analyses - Mandan (Cont.)

Year - 1955 R I 7 R ] W75 WAL WAT ok /R W Wk A W /5 Al a1
PRITOFLANKTERS
BLUE-QREEN ALGAZ
Anabesria ¥ P
Aphani somenion 3 L2 3 n 1% 8 6 1 2 1 [ r
Dactylococcapsis
Howtoc gre 1
Oscillatorts gr. 109 3 4 2
Phormidium

TELLOW-IREEN ALOAE
DTATOMS

Amphors i
Asterionells 1 1 1 3 4 6 13 16
Cyclotalla chaeticerss
Cyclotella wp.
Cyelotells«Stepnanodiscus gra 1 20 52 9% 160 133 136 » 5 3 103 123 o7 1 N b4 10
Cymbella 2 1 1
Diatoma alangatum
Diztoma hiemale
Distoma valgsre 2 2 1
Fragilaria crotmaensia 4 P P
Fragilacie sp. &
Gomphonama
Qyroaigwe gr.
Melosirs (8) 14 1 1 4 P
Waloatra (b)

Navicula gra 9 12 2 8 s 5 10 1w 2

n
=
=

Nitaschia gr. 1 2 2

o w

Ahisceolanis gr. 3 L] b) 2 3 1 ?
Surirells N
Synadra gr. 1

KANTHOPHYCEAR
Bunilleria

Hotarotrichales ap, P i H

CHRYSOFHTSEAR
Dinobryon

OREEN ALGAE
Actinastiuy

Ankistrodesmus 1 1 1 1
Chlamydananae gre 1 1
Chlorella

Clostariopats 1
Cooconanss 1 1
Goslastran

Crucigmia fenastrats

Creaigenia quadrata

Crusigenls tetrapsdia

Idctyosphasriom

Rakstotheix

Budorina

Glosoaystis

lagerheiais quadrisets

Lagergeunus wratislawisnsis

Qooretls

FPandorLns

Pedisstrun duplex

Semedeemus bijuga 4

Scenedesnus dimarphus

Sewedesms quadricauds 1

Sonrosderis 1

Sphasrocyatis

Stichoc o

Tetewstron elegans

Tetrastrum staurogenissforse

ROGLENOPHTTA
Buglena 1 1

Sutreptia
Trschelomonas H 2 1 2 1

TELLOW-BROMN AL0AR

DINGPHICEAE
Ceretium 1
Gynodiniue
TOMPLANYTERS

MINugls we
Protoscs sp. 1
Strambilidiue
Vortisella

Brachiomus p.
Kayetells cochlearias

Tertigrede .

roras. o ” ” m ) 99 Py 55 ™ n » m




fable 205, Individual Plankton Anslyses - Mobridge

Your - 1955 W6 A3 AT W3 Al 376 /a1 KT 3% 6z 9k e __ 1w
PRYICPLANKTERS
BLUB-OREXK ALOAR
Aphanisomen on 1 ] 3
Dactylocoocopsis n 63 63 136 3 11 k11

Oscillstoria gr.

YRLIOW-OREEN ALGAR
DIATOMS

Asterionells a 35 2% Wa n 25 20 1 1

Cyolotells {(a) 1

Cyslotells cbaetocerss 57 [ 2

Cyelotelda #pp, 1 6

Cyul otalls-Staphanodiscus gre 10 W 13 Lt 10 85 23 13% pL] %

Diatoms elongatum 1 20 10 n 1 s 1 s

Datoms vulgare

Tragilaris orotonsneis »

Tragilaria spp. b2

Qrrosigme gr. 1 8

Melosira (s}

Mvicula gre »

E e o
-3

Nitsschia gre 2 )]

> -
-
w
-

Risosolents gr. 35 5

- 8w
3
Eowow oo
5

Sarirella 1 ?
tymaars g, 1
XANTHOPHICRAS
Heterotrichales sp. N » 5 y 1 8 1 9
CHRYSCPHITTAE

Ankistrodesmus 13 15 9 (28 2 1 u9 n 23

Closteriopsils 1 3
Coslastrum 3
Creoigenia quadrave ? L & 7
Cresigenis tetrapedia

Diatyospheerim 1 2 1 2 1
Rakatothrix 2
Glosoaystis H 2 1 1 1
Lagerbeimis quadrisets

lagerheinia wretislswiensis H

Covystis

Pandorine 2
Pediastrun cuplex 1 1

Seenedeswis dimoephus 1 5

Seensdenaw qupdricsnds H 3 ?
Schrosderis 80

- e ow oo B

Yoartieslla 2 3 1

Srsotiomss 9. 1

NDATODA (o)
Sematels app. 1




Table 20f. Individusl Plankton Analyses - Ilerrs

Toar = 1955 17 18 2/ /28 3\ 3/88 LA W25 SAL S/ 66 (] /5 /23 8/6 8/200 9/6 1A 102 10/26 1771 124 1242
MYIOPLANKTERS
BLUE-GREEK ALGAE
Aphanisomenon 2 23 2] 183 nz 30 9 1
Dactylococcopais 9 15 79 52 1 &5 1 8 3 1 L
Oscillatoris gre 1 P

YELLOW-GREEN ALGAE
DIATHE
Asterionella L2 bl 60 62 7 36 9 L3 13 79 L6 n 1 1 3
Celoneis 1
Cyclotella chastoceras . . 106 N
Cyclotells spp. n 3 1
Cyslotella-Stephanodiscus gr, 13 10 6 1 1 i b 4

\n

280 62 30 11 n 294 17 53 167 324 k3 a3 15 u
Cymbells 1

Listond elonghtum 1 2 12 16 7 1k L8 12 3 5 2 1

Diatoma vulgars 1 2 1 2

Pragilaria crotonensis 12 3 F
Fregllaris spp. 50

Gamphonems 1 1 3 3 1

Gyroslgms {r. 1 1

Melosirs (&) 1 2 H

Vaviculs gre 2 I3 g K 21 18 1 un 2 b 18 1 68 55 2L 25 b 5 9 s 1
Nitsschis gr. 1 1 I 1 2 15 a 9 3 3 13 ? 9 8 L 2 3 1 1

Pinnularia 1

Rhisosolenia gra 2 4 & 10 S 17 16 4 1 2 7 L5 39 93 216 21 28 1 3 4 1
Sarirella 1 3 1

\,.
-
-
~
-~

Synedre gre 1 b ] 1 2

TANTHOPHYCEAE
feterotrichales sp, U ¥% 59 23 2 10 3 9 N 9 7

CHRY SOPHYCEAE

Dnobryon 3

WL AILAR
Actinastrun 8 3 3 2 1 1 2 s u 3
Ankiatrodesmus 12 13 23 L n 1 2 1 16 8
Chlamydomonss gra 19 6 ki 2 £2 1 15 1 1 N 2
Chiarells 2
Closteriopsis 2 1 1 3

-
-

Coccomonds

-

Coslastrum 1 1
Crucigenis quedrata 10 n 12 1 3 u
Dlctyosphasriua

Rakatothrix H

Glosoorstis 3 b U 7 S 3 5
Golemkinis 1

lagarheinls vratislawiensis 1

N R o
e e

Oocystis H
Sownedssmus bijugs

Scenadessus dimorphus 1 J
Scanedesms Quadricauda 1 1 1 1
Schroederia 9 19
Sphaerooystis 8 1
Stichocoocus 29 25 38 2 3

o N o
-

BRLINOPRYTA
Ioglens 2 2 ST 15 2 2 1 1 H

e 6 200 1 B 7T 0 US 0 M6 1 109 A Mk B 8 W2 %0 W Im 2 M




Table 20y, Indiwidusl Plankton Analysss = Chamberlain

Year - 1355 i 70 1hB 1/ 2R 273k 2/21 e 377 3/1L 3/29 % u/1L L/18 /25 5/2

PHYTOPLANXTERS
BLUB-OREEN ALGAE
Anabaena
Aphaoisomenon
Dactyloooocopsis y s n 15 &3 8 106 65 200 125 165 ¢ us 16
Osclllatoria gr. 2
YELLOW-QREX! ALGAZ
pihrom
Asterimella 16 W 1 7% 8 Lo Sk 17 s 1 13 39 9 158 22 2
Cocaonels
Cyclovella chastoceras
Cyolotella epp. 1
Cyolotells-Stephancet scus gr. 17 18 16 n n 19 U ) 28 6 9 & m 13
Cymbells

129 u

Diatoms elmngatua H 4 L 10 » 9 17 H 3 LN 104 190 L 15
Diatome vulgare

Fragilaris orotonansis 3

Fragilaria sppe

Gomphonema

Gyrosigma gr.

Melosira (a)

Malosira (b}

Naviculs gr. 1 1 ¢ 6 ? 1 15 2% i 2
Nitzgenta gr, 1 H 3 1 10 17 [y

Rhizosolenis gr, 2 1 5 3 4 9 s a7 13

2 7 u 6 T
Surirells 2

“w ¥ s o

Symedrs gr.

TLANTHOPH YCEAY.
Heverotrichales ap. 15 H 63

CHRYSOPHYCRAE
Dinobsyon

¥allomonas

GREEX ALOAE
Actinastrum b i 3 7 11 5 u

Ankistrodesma 12 18 22 27 32 23 20
Chlamydomonas gr, b6 15 n 10 13 U 12 8
Chlorells 2 2 T 12 3}

13 2 20 2 ur 158 83 7

10 EE] 73 L
Clostericpats

Coccomonas
Conlawtrun 1 1

Crucigenis quadrsts n 20 ] 10 9 12 a 10 8 2 ] 15 8 L
Crusigents rectangularis

Crucigenia sp,

Crucigenis tetrapedia

Dictyosphaerium 3 1 2 2
Elakatothrix H

Glowooystis 15 1 13 1 0 7 3 7 2 1n l 15

LR S

Ligorheims quadrisets 1
Lagarhainda wrstislaviensia 1 1 1 3 1 1
Oceystia

Pandorins

Pedisstrum Bacysmus

Pedisstrun duplex

Soensdesmua bijugs 1 1

Sconedesmus dimarphus 1 1
Scengdesmia opolisnsis

Kenscasmis quadricamuds 1 1 1

Schroederia

Selansstrun vestil

Sphasrccystis

Stichococcus

Tatraedron 1 1 3

Terastrue elegins 1 4 2

LUOLENOPHYTA
Pughans b7 7 3 1 3 L} n n 8 1 1 H s & 80 7
Phacus

-

Trachelomonas H 2 2 1 4 n

Corativa
Symnodinium b 3 1 1
200PLALYTERS

?ng:cmu‘ 1 ? 3
DLt g, 5
Protosoa sppe 3 ] 50
Strombilidiua
Varticells 1 1 1

ROTTFERS
Folyarthrs platypters

25TRACODA
Ostescods o, 1 T

TN 259 27y Yoz %3 b1 8 [ ak 0 » %y an W 1,082 1,10 L




Table 208, Indivicuml Flankton Analyees - Chamberlain (Cont,)

Yoar - 1958 S/ ShE BT 9% L7 7, VI 7 R Y] 78 17m 1/8 25 B (24 TAS
PUITOPLANKTIRS
BLIE-OREDN ALOAE
Anabsana P 1 1 ? 1 ] 1 2 1
Aphanizomsnan P 3 15 1
Dactylocoscopais 2 ji 6 1 2 1
Oseillatortn gr. 3 9 n 8 7 4 8 12
TELLOW-GRERY ALOAE
DIATOMS
Asterimella 17 9 10 18 10 28 H 9 ? 3 1 » 6
Coccaneis 1 1 2
Cyolotella chasto: sras N 2 3 2 5 w 28
Cyolotells ep,
Cyalotella-stephansdiscus gr. 30 i un 52 » Lo as 122 u 22 176 ul8 529 289
Cymballs
Diatoms slongatum 7 2 1 ) 10 1
Oistams vulgare
Pragilaria crotanansis H 3 5 1
Pragilacia app,- ) 2 9
Goaphonena 1
Oyrosigea gr, 1
Melosira (a) 3 1 1 1 P 3 by
Melosira (b} »
¥avioula gr. 4 s 2 1 3 18 10 10 8 7 7 75 60 51 n
Niteachis gr. 5 5 1 N L 2 4 H 3 " 9 1
Bntsosolents gr. 3 1 1 b u8 17 127 s 1 3 ] 107 164 262
surirella 3 $ 3 1 s 1
Symedra gr. 1 1 1 6 9 6
TANTHOFHYCRAR
Heterotrichalas sp. 1 4 ? 1 n 2 1 2
e
Mallomonas
mu‘?::lmm- 1 H 3 [} 1 H 7 1 0
Anicistrodessue 2 1 % % 3 2 2 15 L
Chlaydomanas gr. 8 25 [ 2 L] ) 2 10 2
Chlorells 1 1 4
Closteriopais 1 1 5 1 1 1 5 8 n
Cosoomonas ] 1 1 1 1
Coslastrum 1 1 1 1 2 H
Crasigenis quadrate 9 4 1 s
Crasigenis rectangularis 1
Orusigemis wp. 2
Crusigenis Letrepedia b L
Dictyomphaeriue 1 w 1 L S} b}
Nakstothriz L] 1Y 2
Gloseyatie 2 ] 1 4 1 1 U 1+ 1
Lagerheinta quedrisete
lagerbelnia wretisleriensia
Oocyetis by X
PaxdoTins 1 'Y
Pedisstrun Boryamm
Pediaetrom duplex 1 3 1 b3
Scensdesmus bijuge 2
Sosmedesmus cinarpins 1 3 by 1 1 n 2
Scensdemms opolisnsie 1
Soenedemms quadrisands 2 1 6 2
Sehresderis 7 3 2
Selonsstrmm vertit [
Sphasroayeiie 2 3 a2 1
Stidsessows 3 1 1 1 b1 jt 3] »
Tetreedron
Tetristoun dlogias
SOLENPRYTA
Teglens 2 1 1 2 3 3 [ 1 ] 3 ] L
Phaacw
Troshalamcnss 1 . s Iy 3 1 t [ [ ] s 6 1
THRION=DRON ALOAS
WUOPRIORAR
Coretiume
Oywodinte ]
200PLANCTIRG
TROPOROR
Gedemalla
DIfiugis @
Pretescs wpe 1 1 $ 1
Strebilidien 1
Verthoalls
TR
Polyariirn pletyptars 1




Table 205, Individusl Plarkion snelyees - Chambwriain (Gont,)

Tesr - 1955 /1 9/12 5/21 972 1075 10730 10/17 10725 10731 Y% nAL  ukr u/a 12/5 12712 12720 12728

PHTTOPLANETERS
BU-ORER ALGAR
Ansbesna P

Aphanisomencn 1 8 10 [31 3 181 16 22 2 3 P
Dagtyloccocopais
Oscillateris g 2

Cooocnein

Cyclotells chastooerss 1 7 2
Cynlotells wp.
Cyclotella=8tephanodiscue 30 72 pLN W 19 02 305 18 32 338 118 18 3 n ki n 8
Cymtella 2

Diatoms elongdtum

=
-

Distoma vulgers 1

Pragilarie erotonensis P P

Fragilaris spp,

Ocmphonena

Oyrosigms gr. 1

Melosirs (a) ¥

Nelosire (b)

Navicula gr. i 16 1 (] L1 L] 16 5 H 1 2
Nitsschis gr. 2 2 1 b L 7 h 2 3 b

Rhisosolenis gr. 25 2a 3 H L] 3 7 1 3 1 1 1
Surirella

Synedra gr. H L 1

XANTHOPH YCEAR
Heterotrichales sp. 1

CHATBOPHYORAR
Dinsbryon

Mallomonas

OREEN ALGAR
Aotinastrum 1

Ankis trodeswus 1 1 1
Chlamgdomonss gr. 1 1 2 2
Chlorella 2 1
Closteriopsis

Coccomonas 1 1

Camlastrom

Cruni ganls quadrata

Crucigenia rectangularie

Cruoigenis #p,

Crusigania tetrapedia

Dictyosphesrium

Rlakatothrix




Table 20h. Indivicusl Plaskton Aoalyses - Tu. Randsll Ressrvoir

Toar « 1955 3 A0 AT T 1/31 A 2/21 2/28 371 3/ 322 3/28 WATTEMT LAY T W

PHYTOPLANITERS
BLUG~GREXN ALGAE
Anabasre

Aphan i 8 cmanon

Dact ylossocopsis 1 2 Y 2 ? 5 2 s 4 1 6 4 9 by 3 s
Oscillatoria gr.,
Syrechacoacus

YELLOW=QREEN ALOAR
DLATOMS

Amphiprora

Aastarionslls 10 38 s 98 us 182 Wl 2hk 2y nz2 385 L5z 188 x 5 8 28
Cogcanels »

Cyolotells chastaceras
Cyclotella app.

1 [
Cyelotella-Stephancdiacus gr. [ n 10 10 [} 6 3 3 5 3 6
Cywbeils

Dlatona slongatum

Fragilaria crotonensis F
Pragilaria spp.

Gomphonens

Melosire (s}

Maloaire (b)

Navicula gr. 1 1
Witaschia gr, 1 1 1

Rhisosolenta gr. 10 17 15 1 2 1 1 1 H 1 3 H 8 16
Surirells
Synedra gr.

TANTHOPHYCEAR

Hetarotrichales sp, 1 3 1 2 2 10 n 6 16 b L8 7%

CHRYSOPHYCEAR

Derepyxie
DPloobryon

Kallamonaa 5 s 9 b 13 1o H T 2 b 1 2 1 [23

oo
-
&

ORREN ALGAX
Aatinastrun 1 1 1

wl

a a2 28

EE
5
8
~53
3

~
-

-
we

%

Clostariopaia

Cossomonss 48 103 25
Coslastrum 2 1 1 1 1

Comarium

Crucigenis quadreta 22 15 U 3 b 1 3 3 3 L ?

Cruoigents sp,

Craoigenis tetrapedis 1 1 1
Dictyosphasrium

Elsketothrix
Glosocyatia » 2 9 8 b 5 s 1 4 2 1
Golenkinia

e

[

lagerteinis quadriseta
Lagerheiats wratisimiensis 1 1 1
Micreotindum

o e

E
E

Buglens
Butreptia
Trachslomanss ¥ 29 18 19 9 10 1 H u 10 3 u 1 L] 3 ] 3

TRLLOW=-SIOWN ALOAR
STHOHTCRAR

Genadiniom
Poridinlum

TOOPLANYTERS
PROOIOA

o«a—lt- 1 1
Diefgia s,
Taredileptus

Frowsen epp. 1 3 1 1 1 2 ? b
Steonbidion

-

Strombilidium s b
Vorticells 1
WTIVERS

Terstalls soohleariss
Polyarthrs pletyptere

TORAL n 3] n o w % W % » usé kso 88 03 g s . bk




Teble 20 Indivicusl Plankton Analyses - Fb.Randall Ressrvolr (Cont.)

Yoar - 1955 B3 s/5 (7,13 5723 s/ 6/6  &A3 6/20  &/28 /7 1 a1/ 81 8/8 /25 8/22
L

TTOMLANKTERS
BLUR-GREXN ALGAR

Anabaeca ?

Aphanizomencn

Dectylosoeoopeis 95 68 Lg 23 2

Osoillatoria gro P
Synachocoocus 3

TELLOV-GRFEN ALOAE
DLAtows

Amphiprors
Aaterimells b L8l s k3 & 9 2 20 n 9 3
Cacaoneis
Gyclatells chastoceras 16 I 88 L 1 1
Cyclotella spp. [
CyolotellawStephanodiscus gr. 23 u (™ 198 3% 12 15 1 L 4 b 3 2 1 It n 6
Cymbells
Matoms elongatum n L8 102 o2 1n
Fregilsris orotonansis P 1 Y ? ?
Fragilaria spp. 6
P H 4 P
b
&r 3 5 8 1] 1 4 1 3 3 H ?
N¥itzachia gr. 5 4 13 Ll 4 1 1 1 1
Rhisosclenis gr. 7 3 132 55 H 1 2 2
Surirella N H 2
Synedrs gr. 1
TANTHOPHTCEAZ
Feterotrichal es sp. 7 n &7 b) 1
CHAISOPHYCRAR
Derepyxis 7
Dinobryen ] b)) ? 1
¥allomnes 1 53 k) 1 2 1 ? 3 3
OREEN ALOAR
Actinsstrum 1 10
Ankistrodesmus 02 a Ly L2 3 1
Chlamydomonas gr. L2 90 19 16 3 1 24 1 1 12 59 a1 205
Chlorells 15 58 31 & 15 1 2 ki 2 7 1 6
Closteriopais 1 3 1 1
Cocaomonas 2 s u 30 8L n
Coslastrun 3 2 s 3 10 2 1 1 10
Commarium 1
Crusigmis Quadrata H 8 n 28 n 2 1 1 1 1
Crucigenis sp. 1
Crucigenis tatrapedis 2
Dc tyosphseriun k] ? L 1 1 6
KLakatobhrlx 2 2 ) i
Olosocystis 6 20 [} a 22 2 w 13 7 1 2 [ L s L}
Golenkinia 17 6
Lagerheimis quadrisets p] 18 8
Lagerheimie wrstislowiensis 1
Moragtinium
Oocystis 12 1 3 1 k] 1 9 7 1
FPandorins 3 3

Fedlsstrus Boryamm
FPediastrun duplex 1
Fediastrus tatres

Sosnedesms bijuga H
Scenedesmus dimorphus

~
»
-
-
-
=

Scenedesmus opoliensis

Scensdasmis cauda 1 1 1 p] 3 Y 1 I3
Schroederis 3

Sslenastrum

Sphaercoystie 2 1 2 1 1

-
-

Tetrsadron eaudatum
Totraedion minimm
Totrastrus slsqens 5 n 1 1

Tatrastrum hetercvanthum

Tatrastrus stauroganiseforms

Treubaris setigerum 1
EUGLENOPRYTA

Paglecs 2 12 n ) 12 51 L] uh 7 % L 10 b 2 un 15 4
Batreptia 67 W 17
Phacrs

Trachelomonas 7 7 15 » 6 2 2 1 T 1 1 3 9

TELLOW-3RQM ALOAE
DINOPHYCZAL

Gymnodinium
Peridinium

Codonella 3 2 4 L 1 2

mo s op.

Fradileptus

Protasos sppe 3 13 10 2 1 3 1

Strombidiun 1
Strombilidiwm ? ? 1 3 )
Torticalls 1 2 7

ROTIVERS

Kerstells occhleariss
Polyarthre Platypters 1

o
o
-

corLrone
Gopspods epp. 1

Cladocers spye b3

TARDYORADA
Tarcigrads op. 2

Tome LM LML L L5 2% s 5 16 » m ™ » =n @ %S i




Table 20b, Individual Plankton Anslyses - P, Randall Revervoir (Cont.)

Year - 1555 573 578 SR 5719 5728 1073 5, 7] % 1) 1w vhy  wa

PUTIOPLANKTRAS
SLIE-QREEN ALGAR

1 2omenca. 1
Dastyloaaccopais
Oesillatoris gr.
Symechocodous

Cyslotalls absstocerss
Cyslotells app.

own

n ora
-

o

"

-

k4

»

L]

-]

Cyslatella=Stephancdiscus gr 92 2u8 91 ns 1 54 L i 0
Cysbells

Diatoma slongstum
Fragilaris crotonensis
Fragilaria spp.

Y
o

Nitsachia gr.

m oeo w
o -
-
o
-
~E
w
g

r

12 u 10 12
3
3

Shisamalenia gre

~-
-

N N
-

W e

XANTHOPHYCEAR
Heterotrichales sp; 85 20 é

CHRYSOPHYCEAS

Derepyxis
Pinobryos
Mallomonas i 2 6 3 ? 2

o
-
%

Lo ORI -r

0 17

e
[ )
enE
T T
-
wh e
- -

- of ~ Bo
o

c

§

o

o
eeub o Be
- ru roEws

ii
1
E;

Lagerheinis quadriseta

Lagerheinis wratislmriensis

Mioractinime

Qooystis 1 1 3 2 1 1 1 1 * 2 5 8
Pandorina

2
i
M
an
-
o~

Scensdemmis opolimsis
Scansdesma quadricauds
Schroadaria

Salenastrum
Sphasrocyeti

- e
-

»n

w
[STORN
&

&

w

"

[

~

-

~
-

Staursstoun
Stichoooosus 1 6 1z % 0 0 25 9 8 8 3 7 ) 2 1
Tetrasdron caulatum 1 S 1

Tetrasdron ninimms

Totrastil elogsis

Tetrestrun heterccasthum

Tetrastrus staurogeniseforwe 2 3
Treubards setigermm

o

TUGLENOPHYTA
Tuglens u 2 6 " 2 [} 19 *» s 12 2 H 4 3} ® 8 10 »
Batreptis
Phaom 1
Trachelonoeas £ 0 ? 4 1 1 1 2 2 1

TELLOW-NRCMN ALOAR
DINOPYYCRAR

rw

TARDIDAADA
Tardigrea mp.

ToraL % WM Ok 2 W s W) Mo W m & X k@m0 % W Uk




Table 204, Individual Plankton Analyses - Below Ft, fandall Dam

Yoar - 1955 /3 110 WV 1/24 /31 11 2/ 2/21 2/8 El 3/ 3y EZ] Y

FHYTOPLANKTERS
BLUX-GEEEN ALOAE

Anabasna

Ductylococcopsis 2 3 b 2 1 2 3 5 3 4 10 ia 51
Oscillatoris gr.

Synechocosoua

TELLOW-OREEN ALOAR
DIATOMS

Asterionslla -3 23 52 w7 156 158 i 198 150 167 182 33 191 21 6 8
Covaoneis

Cosmarium

Cyolotells chestocersa

Cyalotalls spp. :

Cyelovalls-Stephancdiacus gr. y ] s 9 3 L 3 2 b 1 3 3 1 2 3
Cynbal 1

Diatona elongatun 1 1
Dlstoma vulgare 7
Pragilaris arotonensis

Malosira il)
Melosira (b)
Naviculs gre. 2 2 1
Niteschis gr. 2

Rhisosolenia gr. 2 W

=
=
("
~
~
»
~
e

Surirells
Syvadra gr. 1

-
~
"

TANTHOPHYCEAE
Hetarctrichales sp, 3 H I 16 15 29 25 6 A %] 61

CHRYBOPHYCEAR
Pinabryon 17
Mellomonss L 3 3 4 ) 9 7 5 1 3 S 1 22 1
OREEN ALOAL

Actinastrum
Anklstrodessms % i 19 1 1?7 26 18

BB
B
wEB -
BRE
4.3

Cocgomonas

Coalastrm H
Crucigenia fenestrats

Crucigenis quadrata 3 n 10 8 L & 1 2 1 8 3 3 2 1
Crusigenis tetsapedia 1 1 1

Distyosphaerium 1 1 1 1

Dakatothrix 2 1
Tranceis 1

Glosocystis 27 6 1n N 10 3 1 S 1 F 3 b3
Qoenicinia

-
-
-
-

Lagerheials quadorsits
Lagerhaimla wratislavianais 1 1 1 2 4
Mioresctinium

FPandorins 1

£
i
]
a
é
[
o
e ooonoe
~
-
-
»
n
-
-
-

Totrastrus stawogenissforme H 1
setigerum
Vestells

EOOLENOPHYTA
Biglens 20 20 2 Lz 38 u 23 1 20 bt 18 28 t) % 1 9
Butreptia 63
Trechslonmas 10 25 2 » 1) n 18 ) 15 ) 1 1 ? u & 15
YELUOSTROMN ALGAR
DINOPHICRAB
Carstivm

Olaodt sdun
Qymmodinimm 2 1 3 3 b) 10 T u n - L 8 4 15 8 9

Codenella 3

Dif; 1s &p. 1

Parad:

PMotesa spp. £ ? 1 2 H 3 1 18
Btrombilidiee

Yortisells 3 1 1

Foratalls soahleariss 1
Polyarthre platypierns 1

L1
iopapods sppe

Ostesscds ap. 1

o

wEE

E&&




Table 201, Individwal Flankton Anslyews - Below Fi. Randall Do (Ocnt.)

Toar - 1955 H4 575 L) £ L NI L A 7 VN S 123 E AT

PRTTOFLANKTERS
BLIE-ORERY ALJAR

Asabesns

Deotylococsopeis [ 76 16 u N

Oscillataria gr. 1
3ynachoacogus

TELLOW-OBZEN ALOAR
DIATOMS

Astaricnells 307 439 308 309 61 6 8 26
Cocconels

Co 2
Cyolotells chastocerss Ll 28 2 1

Crclotalla spp. 1

Lo
-

Cyolotella~Stephancdlscus gr. 22 Ll 53 195 20 20 n 1 5 8 6
Cymbella

Diatosd aldongatum 20 us 102 n
Diatoms vulgare
Fragillaris crotonensis 4 4

Malosirs sl; 1
b,

Navioula gr.

Mitsschis gr. 1

Rhiscsolenis gr, b 3 102

Surirells
Ayradre gr.

19 6 1 [

ES
-
5
ERmewr =
Fon w ow F
T
e .
-
~

Ew

» woab
-
-

“w
3
o

Heterotrichales sp. 22 25 15 9 1
CHRYSOPHYCEAR

Mallomonss 1 5 ?

"
5
- -
et
-
no

Chlar:
Closteriopsis
Gocdomones 1 1 L} 1 ] 92
Coslastsum 1 1 3 5 z 5 2 1 1
Cruaigenia fanestrets
Cruo! Quadrata

Crucigenia tetrapedis 1
Distyosphaeriom 1 1

Eleiatothrix 4 3 3l ®
Frameis

Qlowosystis 12
Golankinia 2

!
.
:
-]

i
i

% L4 9 » 1 ? 3 s b

g
2
EnE

] n kY

-
(™)
-
-
=
-
(3
%
-
=

TRLLOW-SROMI ALOAR
DINOMITCRAR

Ceretium
Cymnedin tun 3 n ] 1

2
3
“-n

e

Vortioslla H 1

Rerstells sschlesrias
Pelyarthre pletypters

-
-

camronk
Copepeds app. 1




Table 201. Individusl Flanktos Analyses - Below Ft. Randall Dem (Coot.)

Year - 1955

8/3% 9/6 /A2

2/19

9/26

10/3

10/17

10/2l

nA a2 1AL /22

n/29

32/5

1212

12/19

12/27

PHYTOPLANKTERS
ELUE-GRERN ALOAR

Amabasna
Deotylococscpsie
Osctllatoria gr.
Bynechococous

TELLOW-GRERN K.0A%
DIATGMS

Asterionells
Cocconeis

Lommarium

Cyolotella chaetoderss
Cyslotella spp.

Gyclatella-Stepharsdiscus gre
C; 1la

Fragilaria crotonensis

Melosira {a)
Melosira (b)
Navicula gr.
Nitsachis gr.
Rhisosolenis gr.

Surirella
Syradra gr.

TANTROPHICEAR

Heterotrichales ap.

CHRISOPHYCKAR

Dinobryon
Hallomonss

GRIEN ALOAR

Aotinastrum
Ankistrodesmus
ydomonas gr.
Chlorells
Closteriopais

Coaeomonas
Comlastrum
Crucigenia fenestrats
Crucigenis quadrata
Crucigenis tetrapedia

Dietyosphasriun
Elsketothriz
Franosia
0loscayetis
Golenkinia

Lagerbaimis quedrissts

rheinis wrstislaviensis

Mlorectiniue
Oacystie
Pandorine

Semedesrms bijuga
Bascecasmus
Scenedessws opollensis

Somedesmns quadricsuds
Schroederia

Selenastrum
Sphsarocystis
Staursstrim

Btishocooeus

Tetrasdron ssudstum
Tetreedron duaepinum
Tetrasdron wp.
Tetrestrus alegans
Tatrastrom heterecauthum

Tetrestrum staurogenissforem
tigerun

Weatella

RUGLENOPYYTA

Tuglena
Patreptia
Trechelomonas

YILLQW-EROIN ALOAR
YCEAL

Cerstiam

Gymnodinium

Codanellia
Difflugis o,
Parsd

Trotosos opp.
Strombdlidion

Yortisella

MOTIFRRS

ferstella coshlsariss
Polyarthrs platypters

COPLFOIM

Copepoda wpp.

Aoaring epp,

Cladooers epp.,

Ostracada &

o

109 182 s4o

e
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Table 20j. Individual Plankton Analyses - Niobrars River

Yoar - 3955 ) 575 5/23 77 7725 8/30 10/6 10731
PHYTOPLANKTERS
B aarns ) 8 |
Dactylococeopsaie 3 2
Osolllatoria gr. ? 1 1
YELLOW-QREEN ALGAE
P occonets 1
Cyclotells sp. 12 13
Cyclotella~Stephmodiscus gr. 4 U6 66 unsg %5 1,053 &
Cymbella 1 2 é
Diatoms vulgare 3 1 & J
Tragilaria crotonenais P P 1 1 1
Fragilaria sp. 35 17 19 13 2k 122 39 51
Gorphonema 2 1 2
Gyrosigma gr, 1 1 1 1
Malosirs (a) P 1 1
Navicula gr, 13 128 1,053 pird 55k 107 64 usé
Nitzschia gr, 12 2L 3 13 19 30 7 25
Rhizsosolenis gr. 575 3,173 566 3,173 1,43 U 6
Ahopalodia 1 1 u
Synedra gr. n 1 1
i 1 L 3 2
OREEN ALOAE
Actinastrum 2 30 T S8l 19
Ankistrodesmus 133 8,315 732 £,251 2,321 L7 8
Chlamydomonas gr, L 96 2,970 78 27 13 W 3
Chlorella 1 540 8
Clostariopais 1 1
Coccomonas L 12 L
Coslastrun 1 28 19 9 8 2
Crusigenis quadrata 2 8 23 7 1 b
Diotyosphaerium 20 10 1,674 89 L
Elamtothrix 16 13 13
Budorina 2
Glosocystis H 3 43 &75 100 18
Golenkinia 1 1
Lagerheinia quadrisets 1
Oocystis 26 N
Pmdorine 1 7 pY ? 1
Pediastrun Boryamum 1 3 3
Podisstrun duplex 1 8 k- 7 240 L 3
Pedisstrun sisplex 3 U4
Pediastrun tetras 1 S 2
Scenedesmus bijuge 6 10 95 1,404 70 1
Soenedesmua dimorphus 8 75 s 1,607 999 20 2
Soenedesmus opolisnsis 1
Soensdesrus quadrioauds 18 864 243 1,331 756 » 3
Schroederia u 9
Selsnestrum 8 1
Spbasrocystis 2 1 1
Staurastzum natator 2
Tetrasdron 3 3
Totrastrun elegane 1
Vlothrix P 1
Wm 1 3 3 1 H 2 2
Phaous 1 1
Trachelomonas [1 3 6 b 8 n F 1
ZOOFLANKTERS
mu@mmn ». 1
Protosca ap. 2
Vortioella 3 1
¥EMATODA
-3 1
TOTAL 8 2,088 18,018 3,200 17,929 8,50 35 28




Table 20k. Individual Plankton Anaiyses « Yankton (Cont.)

Tear - 1955 572 /8 5/16 5/23 5/31 6/5 613 6Ny 6f21 g M AT d728 8A 8/15 8721 8/28

PHYTOPLANKTERS
BLUE-GREEN ALCAE

Anabsena ¥ I3
Dactylococcopals L 36 59 Lo
Gomphosphasria-Coelasphaerium

Lymgbya

Oscillatoria gr.

T
[
o
2]
-

T

YELLOW-GREEY ALOAE
DIATOMS

Asterlomsllia 196 299 453 52l 205 kN 9 6 14 18 3
Cocconels

Cosmarium

Cyclotells chastoceras LS 3]
Cyslotella app,

-
w

17
Gyclotells-Stephanadiscus gr. 13 23 129

KeAtwie 300 sy 38 28 6 12 19 18 T X 30 101 58 35
Cystopleura

Diatona slongatum pN 26 137 508
Distoma vulgare 1 1

.

W W e
-
-

Fregilaria erotonensis 1
Fregilaris spp, 71
Somphonems

iz gre 1
Melosira (a) 1

&

Malosira (b)
Haviculs gr.
Nitzachia gr.
Pinnularia

Rhizosolenia gr. 13 Lo 21) 165 a5 10 n w L2 86
Rhopalodia

Surirells 19 7 1 2 1
Synedra gr. 1 3 1

nwo

1 2 52 7 28 29 Lo k] n 108 28 &by s L3 4 18
2 6 H [
80

23 91 33 1

XANTHROPHYCEAE

Heterotrichales sp. 2 19 7 3 1 1 1 u 8

CRRYSOPHICFAE

Ddnobryon )3 8 2
Mallomonas

GREEN ALCAF

Actinastrum 1
Ankistrodesma 20 13 by 8L
Ceruster: taursatroides

Chlamydomonan gr, 13 L5 L 9
Chlorella & 1% ;l

8 13

n
~
[

o

13

10
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-

wE e b e
e we
-

=

5

w

i

~5 FC
~

3

. =
5 &
£ =
w
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3

nY

Clostariopsis

Soocomonas

CosLastrum

Crucigenis quadrate 1
lrucigenis tetrapedis

So
e
e

o
xS
wele w&

o
wee
ww
~nfFu
€%

Crucigenia sp,

Dictyosphasrium

Dimarphocoo cus

Elakatothrix 2
Buderina 1

LISTNY
o
Re
%o

tranceis

Glowscywtis 3 2 8
Golenkinia ¢ i ! » ’ ‘
Lagerheiria quadriseta 1 1 2 1

Lagerheinis subsalss

o

13 10 0 7 7 L3

s
-8

Lagerheinis wrstislaviensis 1
Mlcractinium

Oocystis

Pandorins 1 3 b
Pediastrum Boryanum

e
L
o MW
e

~

Pedisstrun duplex

Pa trum aimplex ! ’ ? ! ?
trum tetras

Scanecesmus bijuga

Scanedearus dimorphus 2 1

)
s
™
X3
EBe w P ew

Scenacommus opolisnsls
Sccneossmus quadricauda 2 2. o

Schrosderia 3 1 5 3 2 u
Selansstrum

Sphasrooystis 1 2 2 ?

Staursstrum
Stichococcun & il 8 6

Tetresdron caudatum ! ' 1; : ¢ % 2
Tetrasdron cucspinum

Tetrastrum alegans 1

@ B
=
n
B

o

15 17

I
we N oo

o

Tetrastrum staurogen
ZUGLENOPHYTA

Buglene

Eutreptis

fhacus

Trachelomonds b 9 6 4 4 1 3 3 1 b 1 1 H 5 9

TRLLOW~BROWN  ALGAX
DINOFY YCEAE

Oymaodin Lom
ZOOFLANYTERS
PROTO20A
M ugis
Protosos spps 1 1 1 ?
trombilidium
Vorticells 1 1

OTIFRS

Karstella ccchlearias 1 2 1 1
Folysrthrs platypters 1

CLADOGERA
Cladocere sppe 1

TOTAL »9 b L,0M 1,98 996 m 3] 108 nz 6 %0 w0 -8 W6 ™m n S50




Table 20k. Individual Plankton Analysss - Yenkton (Cont.)

Year - 1955 "6 9/11 »/19 /28 10/3 1w/ 1WA7 18/23  10/31 n/s% AL 11/20 11/28 12/4 12/11 12/18 12/26
EHYTOPLAMXTERS
ULOF-GRFEN ALOAE

Ansbasna P P

Dastylocaceopsis s 1 1

Gomphoaphaeris-Joelasphasriun 2

Lyngbya
Qseillatoria gra

YELLW=IRFEL ALGAS,
DIATOMS

Asterlonella 1 2 2 1
Cocconela 1

Cosmartum 1

Cyclotella chastoceras 16 10 1 9 s 6 L 1

Cyclotella spps 7

Cyolotella-Stephanodiscus grs L50 240 20 58 76 2k 2 L 12 5 11 3 2 5 8 7 7
Cymbells 1 1

Cystopleurs
Distoms el xpatum
Distoma vulgare 2 i L 15

Fragilaria orotonansls 1

Fragilarin app. 7 1

Gomphonema 1

Gyroalgna gr.

Meloatrs (&} 2 2 1 6 7 2 P 2 P P P F ?

Malosira {b) P

4 P
Naviculs gr. 0 us 8 65 82 W8 16 33 2 [ 2 w L3
Nitsachis gre ? 3 1 8 1 1 23 1 3 2 1
Pinnulartu

Rhizosolents gre 70 n 7 [ 6 1 b ] w 2 3 L 2 1
Rhopalodia 2

Surirella 1 1

symedra gr. 1 1 2 1 2 1

v

U 2

TANTHROPHYCXAE
Heterotrichalas sp. 1o 38 3

CHRYSOPHYCEAR

Pinabryon
Hallomonss 1 1

JREEN ALGAR

Attinastrum 3 13 3

Ankis trodaamas 51 2 12 7 12 10 12 [ 2 L 1
Cerasterias staurestrolides

Chlamydomanas zr. 122 Th 67 19
Chlorella b i 5 s

e
-

=
on
e
-
~

Closteriopsis 9 [ 1
Cocoomnas S5 50 10 117
Coslaatrum 6 10 1 3
Crucigenis quadrata 3
Grucigenis tetrapedia

31
-
o
EnBu
=
oo
>
O
~
=
——

Crucigenis ep,
Distyasphasrium
Dimorphococeus
Elakatothrix 3 ?
Eudor tna

K
&
5
-
-
o

franceia

Glosocystis ko 15 5 T 1% 2 H 4 6 4
Golenkinis

Lagerheinia quadriseta

Lagerheinis subsales 1

Lagerheinis wratislavimmsis
Morsctinium 1

Fediastrum Borysnum

Fodiaairum duplex é 3 H 1
Pediastrum simplex

Pediaatrum tetras 1
Scanedesmus bijuga 2 6
Soensdasnus dimorphus 10 1)

[CYR YO
wn
-

Scenedesmus opoliensls

Scenecesmus quadricauds 15 10 2 4 7 3 13 12 20 8 é 3 1 H 1
SohroeJeris 3 1 1

Selenastrus

Sphaerocystis 7 1 ? i

Staurastrum

Stichococaus 2 bl 5 & a 80 27 né 58 13 8 1
Tetrasdron caudatun 1 1

Tatrasdron dudspimua

Tetrastrum elegana

Tetrastrum staurogen 1 2 3 8 1} 1 1 1

EVOLE NOFHYTA

fuglens H 1 4 1 i 13 3 2 5 2 2
Tutreptia
F

o

haous
Trachel omonas b) 1 13 3 1 3 1 1 2 ? 1

i=BWN ALGAR
DI {OPHY.ZEAR

Nymnodinium 1

LOOPLANKTERS
FROTOZOA

NIflugis 1
Prototosa sppe 1 1 1
Strombilidius 1 1
Yorticella

-

ROTIPERS

terstella cochleariss
Folyarthre platyptere

TLADCC EHA

Cladooers

TOTAL 1,088 652 203 230 37 238 3o w, 188 a 5 by 33 % » . 18




Table 20m. Individusl Flankion Analyses - umshs

Tear - 1955 ¥ 1/12 119 1/26 2/2 2/ 2/

2/23

3fe

a3

3/23

3/30

u/e

Lo iz

5/

713

/20

4

P YPQILANKTERS
BLUEGREEN ALGAR

Ansbssna.
Aptanizomencn
Dactylococcopuis
ticrocyatis
“selllatoria gr.

Spiridine

YFLLOW-GREEN ALTAY,
TIIATMY

Amphora

Autarionelly L 1 2 10 12 b L
Cozooneis

Cyclotalla chastoceras

Cyclotella ap,

Cyelotal,
Cymbella
Cystopleura

~Jtapnanadiscus gr. ny 21 ui 56 3%

Distoma elongatyn 2
Diatoma vulyare

Fragilaria orotonensis

Fragilaria sp, 3
Gomphnnema

Oyrosigma gr,

Haloaira (&}

Melosira (b}

¥eloaira sp,

Navicula gr,

Nitusohie gr, 3 2
ularia

“

=~
=

Rhizosolenia gre b 1
Rhopalodia

Surirella b

Symdra gr,

KANTHOM{YCEAR

Buatllerts
Hetarotrickales ap.

IREEN ALOAR

Aotinastrum

Aniciatoolesmus 3
Chlamydomones gre 12 "] 268 55 39 18 by
Chlorells w7 96 82 08 i 1%
Closteriopaie

Crucigenis quadrata
Crusigenis restanguleris b

Cruclgonia sp, b

Dictyosphasrium

Elakatothrix

Olosoaystis 12 17 69 5] w 3
Gokankinia

Nephrocytium
Ooaystie

Fandorina
Pediastinm Boryanum
Pediantrum duplex

Pediastrun sinplex
Fadisatrun tetras
Scanedesmus bi jugs
Scensdesme »
Scenedesmus opollensis

Scensdeswus quadricauda 2
Sshrosderis

Stichococcus

Stipltococcus capense 10
Tetresdran trigooum

Tetristrum staurogenissforme 1
Treubaria setigerum

Ulothrix

EUOLENOHYTA
Euglena 3

Phacus
Trachel ononas 7 13 3 ? [

THLLOd-BROWN ALOAK
DIHOPHYCRAR

Feridintum

Yortdoslis

TOTAL 6 @ WS M2 o I 1wy

3

o

e

=

13

e e

e

oo

Ke

35

7

wd = F o e

="

3

£

Ew
[

e

o

136

12

wo B8 & o

r

-3

-

g

we

e

12

o

Erw

22

N

55

13




Teble 20w, Individual Flankton Analyses - Omaha (Cont.}

ar - 1955

8/3 8/10  6/17

8/24

8/3

9/7

9/l

v/ 928 10/5

10/12

10419 10/26

1171 11/9 1723

12/2  1e/1 12/l /28

PHYTOPLANKTERS
BLUE-GREZN ALGAE

Anabaena
Aphanizomencn
Dactyloccccopaie
MHicrocystls
Oscillataris gr.

spiriline

TELLOW-GHEEN ALOAR
DIATOME

Awphora

Asterionslla

Cacconals

Cyciotalla chastoosras
Cyolotalls sp.

Cyclotalla-Staphansdiscns gr.
Cymbella

Cystopleurs
Matoma alongetum
Diatows vulgars

Fregilaria arotonensis
Fragilaris ep.
Oongshonams

Gyroslgms gr.
Melosira {(a)

Mlostrs (b)
Malosirs .
Naviculs gr.
Nitsschia
Plnmilarie

Ahisosolenta gre
Riopalodia
Surirella
Symedra gr.

FANTHOFHICEAR

Bandllaria
Heterotrichalss sp.

ORFEN ALOAR

Astinmatram
Anicls tyodasmns

Clostaricpais

Coc comonss

Coslastoum

Cosmarium

“ruclgenia quadrats
Cruoigenis reotangulsris

Fediastrup Boryaam
Pecdlastrum duplex
Fedientrum simplax
Pedliastran tetras
Scenademmus bijugs
Sosnedasmus dimorphus
Scanadssmus opalisnsis
Scenedesmus quadricmds
Schroe deris
Stichasocous
Stipitocoocus capense
Tetraedran trigonum

Tetrastrun staurogeninsf{ores
Treuberia setigerun
othrix

ZUBLENOPHYTA
fuglens
Fhacus

Trechslomonas

YELLOW-BROWN ALOAR
DINOPRYCRAS

Feridinium

ZOOFLANKTERS
FOTO200

Contre aculesta
m!ﬂg{:’:’-
Strombilidlon
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Table 20u. Individusl Plankten Analyses - Coyncil Hluffs

Year - 1955

1/6 1/26 71 /3 20

272k

3/3

/10

a3/ R

[0

L/

L/28

5/8

7/l

/a

7/28

PHYTOPLANKTERS
BLUE=GRFEN ALOAE

Anabsena
Aphanie awenon
Oomphosphaeria

Lymghys
Merismopedis
Microeystis
Oacillatoria gre

YELLOW-GREFN ALOAE
DIATOMS

Asterionella

Cocconein

Cyslotella chastocersa
Cyclote}la-Staphancdimus gr.
Cymbella

Diatoma alungdtum
Iatom valgers
Fragilaria crotonansis
Fragilaris sp.

Oyrosd g8A g+

Melosira (-;
Nelosirs (b
Melosira
Naviculs gre
Nitzachis gr.

Plnnularis
Rhizoaolenis gT«
Rhopalodia
Surirella
Synedrs gr.

XANTHOPHYCTAE.

DBumllleria
Heterotrichales ap.

CHRY SOFHYCRAE

Dlnobryon
Fal lomonas

QREK: ALGAE

Actinastrum
Ankistrodeamas
Chlmiydonanas jr
Chlorella
Clostariopsis

Ceagomanan

Coelastrum

Cosmariun

Crucigenin fenestrsta
Crucigenia drata

Crucigenia tetrapsdia
Distyosphaerium
Elakatothrix
Glosocywtis
Golenkinia

Gonium

Micractinium

Oocystia

Fandorina

Pediastrum Borysnom

Pediastrum duplex
Soenedesmur bijuge

Stichocoaous
Tetrastrum steuroganissforme

Waotnrix
SUOLENOFHYTA
Riglans
Phaous
Trachelomonas
YELLOW-BROWN ALGAR
NINOPHYCRAR

Ceratiam

Nematods ep.

WTINN

TOTAL

B3] H

6 8L 286 61 4y
26 8
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Table 20n. Individusl Plankton Analyses - Council Bluffs {Cont.)

Tear - 1955

6/L

8/11

618

#/3

9/8

9/15

$/22

9/29

10/6

10/13

0/20 10/27  11/3 110 AT 12/ 12/8 1215 12/22 1/

PHYTOPLANKTERS
BLUR-GRERN ALGAR

Ansbasna
Aphand somenon
Gonphosphasria
Lymgoys
Merismopedia

Microcystia
Osciliatoris gry

-ELLOW-OREEN ALGAR
DLATOMS

Asterionella

Cocoonels

Cyclotalls chastocerss
Cyslotella-Stephanodiscus gr.
Cymbella

Distoma slongatum
Diatoms vulgare
Fragilaris crotonensis
Frapilaris ap,
Gyrosigna gre

Melod ra (a)
Heloairs (b)
Melosirs sp.
Kavicula gr.
Nitzschis gr.

Pinnukaria
Rhizosolenia gre
Rhopalodia
Surireila
Synedss gr.

XANTHOPHYCRAE

Bumilleris
Hatarctrichal ws sp.

CHRYSOPHYCRAR

Dincbryon
Hallomonae

QRERN ALCAE

Astinastrum
Ankistrodesms

Closteriopsis

Coscommnas
Coslastrm

Cosmarium

Crusigenis fenestrata
Cruolgenia quadrats

Crucigmmia tetripedia
Dictyosphaerium
Talatothrix
Glomooystis
Oolenkints

Gondum

Misractinium
QOocystis

Fandorine
Fadiaetrum Borysnum

Padlantrun duplax

Tetrastrum stawogeniaelorme
Wothrix

TRLLOW-BRONY ALJAR
DENOPHYCEAS

Serstimm

Diffingls op.
Paremolion

Proteson .
Mrowbdiidien

Cophalodella
Iaratells eacklaaria
Kerstelis quadrsta

Nothalas
Palyathee plagpters

= owo

b33

o W W

noBPan &

17
a

o

18

meaSh w v

1

e

du

n
35

nEES e

-y

109

=

19

wE o =B

~an = e

-

289

“AREw

Y

3

~

e e

=2 wn

.

oo

~-~-

58

[ T

(XY=

o Rl W W i

Eer

o

e

R
12

=13
te
-
-

e
o~
w
-
o
-

T

Y




