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Subject: Some effects of suspended sediment on growth of submersed
AT pondveeds NS T S

A Joint investigation.by the Chemical ‘Engineering Laboratory Branch and
the Hydrsulic Laboratory Branch was undertaken ‘to study the shading =
‘effects of suspended sediments on certain hydrophytes. ~Species of sub-
mersed pondweeds, commonly found in drrigation canals, were planted in
pots .dnd grown in d.rmnsconta.iningiga;range of suspended -sediment concen- °
trations, . Ungerminated plant .propagules and established cultures of

- pondweeds were used in the study. B SRR SR .

“Two different sediments ,were“fuséd,kfom'a,,conmercigl sodium-base =
‘montmorillonite-type bLentonite s ‘and the other a natursl .cccurring

bentonite-type ‘sediment ‘obtained from Angosturg Reservoir.

Light quantity and spectral ‘quality, ~pe'netrating *the;sedin:e_nt‘-’lad.eq
vater, were measured by use of aﬁlimnophotometerf-vhich‘:has. a specially
constructed photoelectric cell system. 'Light meagtrements indicated the
intensity-and ‘spectral. quality of sunlight were considerably. changed upon

:penetratio'n,;in'boawater,.cohta.yining""}auspended;sediment._jﬁ;'rhej;sed.iment from ]

Angostura Reservoir caused greater light reduction at lower ‘concentra- -
tions than did the commercial bentonite. R :

When plants were -exposed .to reservoir sediment -eoncentrations of 50 ppm,
‘the percent reduction of dry welight of plant material waxg :approximately
33 percent less than the dry weight of plant material. in the control
drum. Reservoir sediment concentrationms -greater than 1,250 ppm were not
effective ‘in producing additional -significant growth reductions than that
attained at the 1,250-ppm level. The commercial bentonite sediment
~caused growth reductions . of .a -similar trend but required greater
concentrations than field sediment to ‘produce similar effects.

*Same as Laboratory Reports No. SI-2). and Byd-Ys0.




However, from this study, it appears that concentrations of suspended
sediment greater than 1,250 ppm would bave to.be meintained in canmel
water to create plant growth inhil: ftion that m:lght ‘be considered cr:l.tical

to the plant's ‘survival. Maintaining a concentration of fine sediment of

1,250 p;m by weight :ln most canals a'opears generally infees:l.‘ble. "

A field study would be necessary to. determine that shading from suapended 5
gsediments is the primary factor responsible for plant growth reduction.
Many other environmental factors that effect the. growth of pondweeds
would have to be determined and observed in any type of field: study.

Cbviously, optimum light availability is only one of the: many intera.cting L

environmental factors that exhibit controlling 1nf1uences over a. plant's
metabolic activity. : : « .

INTRODUCTION

In the past, ~ 1d observations have frequently been made regarding a
possible correxation between the amount of suspended sediment contained
in canal water and the amount of aquatic plant growth in canals. Field
observations have often indicated ‘that as suspended sediment increases,
the amount of aquatic weed growth decreases. ‘Reports of cbservations
revieved have in no case given details of various factors contributing ,
to suppression of aquatic plant. growth. These :statements have been of a
general nature. To obtain more information under controlled conditions
on this subject, a jJoint study by the Weed Control Investigations Unit
of the Physical Investigations Laboratory Secticn,i/ Chemical Engineering
Iaboratory Branch, and the Sediment Investigations Unit of the Eydraulic
Laboratory Branch was initiated to determine. shuding effects of suspended
- sediment on aqmtic weeds. The scope of the progrem consisted of deter-
‘mining the growth response:of various epec:lee of :submersed pondweeds
exposed to environment of various eoncentratiors of two types of
suspended sediments. :

‘The study was made over ‘a 2-year period. During the tirst year, “the
need for modification in procedures and- techniques ‘became evident.

_Therefore, data obtained in the initial test are not fully comparable to

those obta.ined la.ter. ‘

MATERIALS AND: METHODo o 4

Construction of Special Equipnent

(‘:lrcula.ting systems designed ‘to maintain fine. eedi.ment in suspension
were installed in eight: Ss-gellon metal drums ‘The . system consisted

‘ ;y Weed control atudies are conducted: under a cooperative progra.m betueen
the Bureau of Reclamation » Us S. Depertment of the Interior; and the :
Agricultural Research Service; U. S. Department of Agriculture » ‘Denver,
Colorado.




mainly of a propeller driven by a 1/30-horsepower motor, ‘a 26-1/2 inch-
long by 2-1/2 inch-inside-diameter pipe, and a: perforated false bottom,”
Figure 1. The propeller forced water, at a discharge of 0. 147 cubic foot
per. second, through the 2-1/2-inch-diameter pipe at 4.31 feet per second
(fps). Water spread beneath the false bottom and discharged through
twenty-five. 1/2 inch-diameter holes and & circumferential .opening approxi-
metely 1/16 inch wide around the false bottom. -Average velocity through

‘these openings was 2.28 fps, and resulting upward velocity in the drum
was approximtely 0.055 fps, o' 1.7 cm/sec.‘ The l/30-horaepover motors

operated at 1,550 rpm and were designed to operate.continuously while in
the- vertical. position. Because» tests were: conducted outdoors, hoods

vere installed to keep the motors dry. ‘To prevent possible Phytotoxie

contamination of the culture witer, all submersed metallic parts were
vainted with an appropriate primer preparation and vinyl-based paint.

..imnophotometer Used for the Measurement of Radia.nt Energy

The limnophotometer was mnufac tured by a private instmment manufacturer
in the United States and is similar to that described by Atkins et al(l)»
for measurement of submarine daylight. This instrument consists basi-
cally of two selenium barrier-type photoelectric cells, one of which is-
sealed in & heavy.brass case with a:glags window. This unit is used for
the measurement of subsurface illumination. Términals of the submersible
cell are connected to & waterproof electric cable to facilitate measure-
ment of cell output current at the surface. The surface or. reference

‘cell is encased in a gimbal-mount\.d brass case. This wit is used to.

measure total (within sensitivity limits of the cell) radiant energ'y
available at the Hater 8 surface. ' , :

Readings are: obtained by masurin& the eleetrical current emitted by the
light-excited photocell on a micrcammeter contained in the control box.
The meter is shunted to allow. rea&ings from direct- connection to - :
multiples of 10, 100, and £00. A welector switch enables the rapid n
switching from the- surface to. the sibmersed cell for: compamtive readings.

Fle.shed opal glaes discs are used te cover ea.ch photoce].l. 'I'he opal
glass serves to prevent variations caused by unequal light diffusion and
to permit the measurement of oblique. 1igh, rays. Both cells are equipped
with detachable red and blue filters to allow separation and measurement
of portions of the spectrum known to he efficient in photosynthesis.

The red filter transmits wave lengths frcm 600 to 700 millimicrons, and
the blue filter transmits wave lengths from 400 to- 500 millimicrons. :

The complete limnopnotometer is. shovm in Figure 2. Figure 3 shova the
spectral range of sensitivity of the photocells, transmission ranges .of -
the filters, and speetral range: of relntive photosynthetic rates.<

*¥Numbers in parentheses refer to referenees at end of 'report.

-




Calibmtion of the Limnophotometer

Celibrations of the individual photocells were. mde to obtain sepe.rate
cell readings that would. be comparable for calculation of percent light
reduction. The two cells™varied considerably in their. output at a given
energy level. The submersible cell output was less than the surface
“cell output. This was due to individual cell characteristics and & =
thicker cover glass on the submersible cell. These differences were
compensated for by increasing the submersed cell rea.dings inall reported
light data. This was accomplished by calculating average differences of
the two cells from numerous light measurements at varying energy levels(
to obtain a eorrection factor. -

A curve was established for the comfersion .of microa.mpere readings from
the instrument to approximate foot candle units. The foot candle conver-
sion data for this graph were md<= from readings obtained with the surface
cell equipped with the: ﬂashed opal diffuser. ‘ '
Data for conversion of ».aicroammeter rea.ding to foot candle were obtained
by calibrating the limnophotometer with a standard pyrheliometer. Output
of: the pyrheliometer, which is measured with a potentiometer, is dn
linear relationship to light intensity. On this besis, a rectilinear

plot was established by plotting readings from & foot candle meter with
comparable pyrheliometer readings. Due to the limited maximum range of -
the foot candle meter, the estsblished line was thrapolated to |
10,000 foot candles to include the greater radiant energy levels occur-
ring in full sunlight. Comperative readings were then mede using the
pyrheliometer (indicating millivolts) and the limnophotometer (indicating
microsmperes) from low to high radiant energy intensities. The pyrheli-
cneter readings were converted to equivalent foot candles from the first
graph and these data plotted with comperable limnophotometer readings to
establish the conversion. cmre shown in Figure Se , e

During the course of the study, radiant ener@ measurements vere made
weekly at various water depths in drums containing sed'ment and in con-
trol drums. For all readings obtained from the. submersed cell, the .. ... .. =
percent reduction of that obtained from the surface cell or full sunlight

was calculated. S

Sediment Used and Method of Detemining and Maintaining: Concentratione

Tvo types of sediment were» used in the studies: ;

One .vas & ccunmercia.l sodium-base montmorillonite-type benton:lte 3 which
appeared light gray in.color. Petrographic analysis of this material
is given-in Appendix A. In the wet condition, 96 to 97 yercent of the
material is smaller than 44 microns, 93 to 94 percent is smaller than

5 microns, 87 to 89 percent is smaller than 0.05 microns, and 60 to

65 percent is smallez- than 0.1 micron,- Figure 6.




The other sediment was obtained from Angostura Reservoir, South ,
Dakota. It was brown in color, and its petrographic apalysis is given
-in Appendix B. In the wet condition, approximately 99 percent of the
material is smaller than 40O microns, 95 percent is smaller than
10 microns, 83 percent is smaller than 5 microns , and h9 percent is
smaller than 1. micron, Figure 6. :

Drums were arranged as shown in: Figure 7, and sediment was ' a.dded to drums

after premixing with & malted milk mixer. Concentrations of sediment

were checked at approximately 2-day intervals. When concentrations were
found to be below the desired level, additional sediment was added.
Concentrations decreased as sediment settled in areas. of low velocity.
Graphs of concentrations meintained in drums are shown in Figures 8, 9,

10, 11, 12, and 13.

Suspended sediment concentrations were determined with a modified turbi-

dimeter; Figure lh A vented light eliminmator, to prevent outside light

from entering the area near the candle and to create a near-constent
light condition around the: candle y -Was designed and is shown in
Figures lha and lke.

The turbidimeter (2) consists of & calibrated glass tu'be ;8 standard
candle, and a spring-loaded stand and support which aline the candlz and
the tube. In use, the sample is poured into the glass tube ‘ntil the
image of the candle flame just disappears from view and the .ovserver. sees
a uniformly illuminated field wi% h no 'bright spots. Depth of water in
the tube when the candle flame. disappears “"’”‘ﬁi&‘ﬁiifé"ﬁf‘ suspended sedi-
ment concentration in ppm 'by weight. , o .

The turbidimeter evalmtes the effect of optica.l properties of the sample ’

vhich causes light rays to be scattered and absorbed. As optical proper-
ties are affected by size, ahape , refractive index, and transparency of

the material in suspension, the turbidimeter vas. ca.li'bratfﬂd in parts. per

million by weight for each sediment. ,

Tests Conducted

Test 1 was conducted during the growing season of 1958 Tn this test,
the drums were divided into two 4-drum groups. Cne k- -drum group con- -
tained potted ungerminated plant propagules, and the .other group
contained potted established vegetative cultures. One ‘drum from each
group was used as & control and contained no sediment. To cover a wide
range of sediment levels, the approximate concentrations in pa.rts per -
million by weight (ppm) maintained in one drum from each group were 50,
200, and 800 ppum. Graphs of concentrations maintained in the drums are
shown in Figures 8 and 9. The light-gray montmorillonite-type bentonite

‘was used . as the sediment throughout -the test.




Test 2 was conducted during the early 1959 growing season. Each of the
eight drums contained a propagule and a vegetatively established culture
of each plant species being tested. Two -drums were used as control and
contained no sediment. In three drums, the light-gray montmorillonite-
type bentonite was maintained at concentrations of approximately 1,250,
2,500, and 5,000 ppm. In the three remaining drums, brown Angostura -
Reservolr sediment was meintained at concentrations of approximately
1,250, 2,500, and 5,000 ppm. Graphs. of : concentrat:dns mintained in the
‘drums are shovn in Figures 10 and Al. FER v o
Test 3 was conducted during the late 1959 growing season. The drums were
divided into two L-drum groups. One group contained potted ungerminated
plant propagules and the other group contained potted established vegeta-
tive cultures. One drum from each group was used as a control and con-
tained no sediment. Angostura Reservoir sediment was added to the
remaining six drums. Approximate concentrations meintained in one drum
for each group were 50, 250, and 800 ppm. Graphs of concentrations
“maintained in each drum are shown in F igures 12 and 13.

Biological Testing

Three species of the Pote.mogeton genus vere used as test p]ants in o
‘Test 1, conducted during the summer of 1958. These species were sago
‘pondweed, P. pectinatus L.; leafy pondweed, P. foliosus Raf.; and
American pondweed, P. nodosus Poir. Tests 2 and 3, conducted in 1959, &
utilized the same species excepting leafy pondweed, which did not develop
properly during the course of the first study. Common waterweed, Elodea
canadensis Michnx., was substituted because of its: e.daptability to
ciﬁtivateﬁ situvations. :

Cultures were established by using vegetative prope.gules- ( l) tubers of
the sago pondweed, (2) winter buds of the American pondweed, (3) axillary
winter buds of the leafy pondweed, and (L) excised stems of waterweed. -
These propagules were planted in 6-inch clay pots filled with topsoil.

Two types of cultures were used in the- study. The first type was " a
vegetative mature series where propagules were planted and allowed to
reach a stage of growth near vegetative ‘maturity before being exposed to
the various concentrations of ‘suspended sediment. This required & period
of 3 to b weeks for sago pondweed, Americen pondweed, and common water-
weed, and 2 months for leafy pondweed. The cther type was & propagule
series where ungerminated or excised propegule materials were planted in
the potted soil and immediately placed in the suspended sediment environ-
ment. Plants in two different stages of growth were used to determine
the effects of sediment shading on pondweeds already: vegetatively estab-
lished, as compared to effects of sediment shading on- the ¢ermination and
establishment of an infestation of pondweeds. : :




- Replications ~of twefé“i)otys per species-were used in.each drum of each '
treated and control series, excepting ‘Test 2, Three species were
represented in the vari‘ous conditions of treatment in all tests,

Plant eultures were expesed“te ,the suspended sediment ‘concentrations for. -
& period of 6 weeks

in the first test, 5 weeks An the second, and L weeks
in the third. The drums vere located in a position outdoors to receive
full sunlight, S . o : ‘ Lo
A continuous record of waier temperature was obta
mechanically operated thermograph. Temperature
the control drums for each test and are shown gures 8,
10, and 12. ires of all drums varieg with the ambient air.

Maximm stem length data were ‘obtained in the initia] study to differ-
entiate Letween the rlants' growth response tu the various sediment '
envirommeite. These data were found to be of limited value, ‘80 in subse-
quent studies, o weights of all Plant material above the ground line
were obtaine:d, RBejmw -Xround plant parts were not sampled dQue to the
extreme Aifficulty wosa witered 4in separating all root and rhizome mate-

risl from soil rarticles: % is felt that above-ground parts reflected o

the variations in growth TESHEIDw . ‘ ‘total plant material.
Additional tubers and winter budgs “Wewm not developed on' thegs cultures
tively short period of Zwtn.  Plant material was
collected by species at the teminntion op ilc vests » Ovendried at 62° ¢
for 72 hours, and weighed. Visual ObEXMeiions were also made of the
pPlants' general morphological development, furing exposure to the various
sediments and concentration ranges. : A O R '

RESULTS AND DISCUSSION

Radia‘nt Energy Measurements

- These figures

more accurate valuss as they reflect the. nonlinear output

characteristics of the photocells. The dats representing the red and
blue wave lengths were direct‘microa.mpere ‘readings reduced to percent
loss of surface énergy. Mathematical models of light reduction results
obtained from the _ ometer and of dry weights of plants. are given
in Appendix ¢, T g T L

Bz

A camparison of the radiant energy measui-ements in the two sedimentg
shows that Angostura sediment was more: efficient in reducing radiant
energy levels than was ‘bentonite at g given concentration, ‘




As shown in Figure 15, total solar radiant energy, avai]nble at the

surface, was reduced to 1 percent or less at a depth of 1° ‘foot (30.5 cm)

in all concentrations of Angostura sediment, excepting 50 ppm. Total -
radiant energy was reduced about 63 percent at l-foot water de.pth by the
filtering action of the water itself, as measured in the control situation.
A further reduction of 29 percent was effected by the addition of .50 ppm
of Angostura sediment at the l-foot depth:. 'Near-maximum shading ei fect

was obtained at a depth of 20 cm. ’by 250-ppm sediment level, .

Spectral quality measurements tend to indicate that the red wave lengths i
were able to penetrate scmewhat further into the sediment-laden waters '\ -
than were the shorter blue wave lengths, Figure 17. Investigations by
Birge and Juday (3) showed that the short wave radiation is more affected
by stains and suspended matter th\n is radiation of longer wave lengths;
vhereas radiation from the red end 6f the spectrum is more rapidly
absorbed by water and less affected 'by stain end suspended matter.-
Measurements in the control situation of this study indicated that the
blue wave length energy levels were somewhat less than red wave length
levels in the water depths. Apperently the water in the control con-
tained enough stain and planktonic suspension to affect the blue wave
lengths, although the differences between the two were not great. :

ey
A representative record of radiant energy measurements 'is shown in
Table 1. This table indicates microampere readings obtained at various
water depths in the control and high sediment concentration situations
and corresponding foot candle values. - :

Biological Response il Lo . 77;7”;;

The growth response of the" various _plant specles to shadi;ng with the two
types of suspended sediments are graphically ‘shown in Figure 18 and tabu- ,
lated by individual ovendry weights in Table 2. The curves:shown in
Figure 18 indicate the avermge overall percentage weight reduction of all
species and of individual species. Percent veighrt reduction vas deter-
mined by considering the plant ‘grovwth in sediment cultures to be & por-
tion of that attained in control situations. Angostura sediment
concentration of 50 ppm caused a plant growth reduction or approximately
33 percent less than that developed in the contro] sitvation. Increased-
grovwth reduction was evident as the Angostura sediment concentration s
increased to 1,250 ppm, where the average plant gzowbh was approximately
90 percent less than control plants. Angosture sediment concentrations
greater than 1,250 ppm were not effective in producing furtber ’
significant growth reduction.

Comnercial bentonite caused growth reductions of a similar trend but i
required concentrations greater than the field sediment to produce simi-
lar results. Data for the first tests indicated commercisl bentonite

concentrations of 800 -ppm and less did not produce significant shading .

e
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of eolar radiation to significantly reduce plant growth. These data
were obtained. by visual observation only, and dry weight data were ‘not
obtained. Resultse:. of the initial test are shown in 'I‘able 3.

All speciles exhibited nea.r-unorml growth characteristics at 1ov sediment
concentration (50 ppm) in both sediments and in the control drums. As
the concentrations of sediments increased, certain changes in growth
characteristics became evident. Some of ‘these characteristice vere

elongation of stems in internodal areas, basal. submersed leaves and

stems became chlorotic. Also, changes in the developnent of chlorophyll
and other photosynthetic pigments were noted in upper submersed leaves.

Sago pondweed was morpholog* cally modified more than the other species.
As the shading effect became greater, growth characteristics typifying

-apical dominance were pronounced. . In sediment concentrations of 2,500

and 5,000 ppm, leaf and stem tissue were becaming extremely chlorotic at
the temination of the test.

““Sago pondweed appeared to be the least shade tolerant of a].l species "

tested and waterweed the most tolerant of sha.ding. These differences are
due in part to the variation in leaf area, wateilweed having considerably
more total leaf ares. -Stem elongption and pigmentation changes observed
during these tests may.be: ‘a response to the decrease in avallable

radiant energy of the. complete visible and near-visible spectrum or
specific portions of that spectral range. Interpretation of these spe-
cific cause and effect factors is beyond the scope of. the atudy -and would\
require further extensive laboratory investigations.

The photographs of p]nnt specimens in Figures 19 and. 20 show some typical |
responses to shading by suspended sediments.

comwsxons 5

Data obtained under the conditions described in this report indicate that
suspended sediments have & considerable effect on reducing the intensity
and spectral quality of solar radiant energy penetrating sediment-lnden
wvaters., These effects- vary considerably with- sediment type and- become
more pronounced as sedi.ment ‘concentration: increa Bes8. .

Submersed aqua.tic plants' response to thie shading effect varied somewhat
with the species tested, but in general, data from this study indicate
that low concentrations (50 to 100 ppm) of suspended sediment create suf-
ficient shading to produce some growth reductions of submersed aquatic
plants. This smount of growth reduction would not be considered critical
to the extended survival ability of the plants. Sediment concentratiens
greater than 1,250 ppm would be necessary to cause plant growth reduc-
tions that might be considered critical to the plants® ability to survive.




In the authors'. opinion, maintaining a ::cbhéé_ntrat‘:lon ‘of fine sediment of '-

1,250 .ppm 'v'by",,we‘ight.fin;mg'swt ‘canals ‘would appear ‘generally infeasible. LR
A field ‘study would be -necesgary to determine any possibility of control
. This was & Iimited ‘study 1in which only 3 'sp‘ec;ie‘sjz';o‘ffiveed{sk‘;and 2 \ typesof '

sediment were tested at 6 levels of concentrations.
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"‘able 1

Representative limmophotometer readings taken on July 1, 1959, from 9:30 to 11 a.m. on & cloudless da.y.
Corresponding approximate foot candle values indicated. - Instrument readings indicated in microamperes.
Initial readings indicate water depth vhere first mea.sura.ble light occurred ranging from O to 0.2 micrcamperes. '

ACCESSORY EQUIPMENI‘ USED OVER CELLS Tt S
~ Opal diffuser and

: : : Opel diffuser and _
Sediment type: .Opa.l glass diffuser e R red filter St Ylue fiiter -
and : Surface cell —: Submersed cell Water : Surface :Submersed:Water : Surface :5d rsed:Water
concentration: T Foot : : Foot :depth,: cell : cell :depth,: cell- .: cell :depth,
-Microamps-candlermcro":pg candlesr cm :Microamps.mcroamps-' cm :bﬁcroamps Microa.mps: .em-
5,000 ppm : 7, % 9,620 ¢ Initialf:ﬁ IR : 26 3 .1,050 Initial : 19 & 700» : Initial s 8
Bentonite : 19,620 : 192 .:  75.:°10 2 31,050 + .35 : 10 s 5 s
3,500 ppm ;| 7’—2"06,:,‘93'6@ : Ioitial :  -- : Bl : L,25C : T: Inltial : 32 W -
1,250 pon 3 \7,2005 T 9,620 «+ Initial @ -- ¢ 62 : 1,350 T Initial ;. BB : 700 : Initial : 25
: 7,200 :$9,620: TT ¢ 30: 31 ' 1,350 : 203 -: 10 : .700. 29 : 10
'+ T,200 : 9,620z 275 : 116": 20 : L N RECINE S I
s 7,200 49,620 : 1,375 ¢ 120: 10 : . s NI SRR B
C°ntr°1dmxf7»m : 9,620 : 550 : 2W0: 62 : L,060 : . OL : 62 ; 600 . By : &2
¢ 7,200 : 9,620 ¢+ 4,840 : 4,300 : 31 : 2,050 s+ OO s 31 .. 600 : 385 . 31
: 7,200 : 9,620 : 5,280 ;5,00 ; 20 : 1,050 : 770 : 2 ; 600 : Lo . 20
: 7,200 : 9,620 : 4,720 :6,180: 10 : 1,050 : 8B4 s 10 : 600 : k49O ; 10
3 7,200 ;9,620 ; 5,720 ;6,180 ; 5 : 1,050 ;. 840 : 5 : 600 : 560 -z 5
T,250 vom ;7,200 : 0,620 : Inftial : -- : 22 : 1,100 : Initlal : 17 : 650 : Imitial: 10
Angostura :t 7,200 :9,620: 19 : T : 10 : 15100 2 : 8 : : : Sl
207,200 39,620 : 275 : N6 5 : o F. o w o w 3 R
—556___:_?77:—_'__9—6——_:_1111;1&1 : == : 10 : 1,100 : Initﬁ. : 10 : 650 Init:lal Tk
__Angostura _: - : H $owis g Lt g 4_ e to
~5,000 ppm _: 7,200 : 9,620 : Init‘mi: -~ : & : 1,200 : I nit:lal: "L 700 ¢t Init:lal: 2
Angostura ;-7 - s R TS : s s : X \ T $. 0Lk
t . e it - .

sy
A

S

b




Table 2
DRY WEIGHTS OF PLANT MATERIAL e e
EXPOSED TO SUSPENDED SEDIMENTS TR
(Plant Material Sampled Above Soil Line) PN TRy
Oven dried 62° C--72 hours Average weight two replications. S S
: S Species (vweight 1n grams.) A :
Type of : Sediment and s
culture : concentration "~P. pectinatus P. nodosua-E..canadensis .
Propagule - : Control : 0,089 : 1, h65 " .‘1.212
Propagule :‘Angostura, 50ppm - : - 0.23% ¢+ 1.W9C :  0.653
Propagule  : Angostura, 250 ppm % 0.611 : 0.760 ":  0.363
Propagule  : Angostura, 800 ppm : 0.096 : 0468 - . 0.218
Established : Comtrol ¢ L300 = 2.8 &+ 7.399 -
Established : Angostura, 50 ppm 1,188 : 1.8+ L.753
"Established : Angostura, 250 ppm  : - 0.097 : 0.989 s 3,030 e
Established : Angostura, 800 ppm :0.0Th + 0.50k . 1.719
Propagule : Control , : 8.018 2 1,086 7 0.471
Propagule : Angostura, 1,250 ppm :  0.198 : 0 : = 0.193
Propagule : Angostura, 2,500 ppm : 0.085 : 0 i .0.055
Propagule - : Angostura, 5,000 ppm : 0.116 '+ 0.085 -+ 0.0L49
Established : Comtrol . :  3.503 : 2.100 L.298
Established : Angostura, 1,250 ppm :  0.081  : 1.05 ' : = 0.925

Established : Angostura, 2,500 ppm 0.090 : 0.453  :  1.017
Established : Angostura, 5,000 ppm :: 0.365 s 0,065 0.928 .
Propagule  : Control y : 1.229 T 0.68L 1.531
0.0l

Propagule : Bentonite, 1,250 ppm : 0.542 ,Oghoo/j?: ;
Propagule : Bentonite, 2,500 ppm : 0.222 . Q0.0TT ¢+ 0.124
Pro e Bentonite, 5,000 ppm : - 0.162 : 0,017 . 0.091
Esta shed,: Comtrol . L.0bh : 0.483  :  L.705
B Established : Bentonite, 1,250 ppm : 3.933 . : 1.864 s 0.812

e Established : Bentonite, 2,500 ppm : 0.638 + 0.687  : 0.907

I Established : Bentonite, 5,000 ppm : . 0.247 0.112 ¢ 1,273

N >
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.. ~Figure'2
Report Gen 27\

Limnophotometer ass rhbly',‘;" consisting of two photocells , one a
submersible unit (2) /the.other a surface unit (5), a control box
with appropriate instrumentation (4, and colored filters (3).
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FIGURE 9
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FIGURE 10
REPORY GEN.: 27

de=3UNLYHIINI L

o o -0 Qo
B R LSt 71 )

o
e

€2

22

1202

&l

]|

4

9l

2 ._.mu.r ths._omm mh_zo.:_mos_kzox ONINIVLNOD mE:mo NI
wm:h<mwm2wh Muh<3 anv mzo_h<mhzwozoo kzmqfomm

H

e HESURE T S0 3Nne
<t ; .10 0% 62 82 12 '92. G2 b2

€2

" 22

2 02 6

1

]

"~

(=
(=
- €y
w

LN3NIOIS G3ANIJSNS 40 LHOIIM A8 WNdd

=] [~ o o o
o © ~ ] w
2o~3YNLVYIdWIL

°
e




FIGURE 1|
RT :

¢ 1S3L—IN3WIO3S VUNISOONV ONIVINOD
SWAYAQ NI SNOILYYINIONOD INIWIAS

AN

AR

&
‘ Ane L : S EDT T ;
A 91 et 6.8 A 9 S 4 € e | O2. 62 .82 22 92. 62 w2 €2 2e 2 0z .6 8 Al N
. - T ~
: . 9 WNHa-... g
ql,, P . e - ] o 7/ L 0001
~— B o Y e e 2 B s BN I ~J P N
1 LWnya- ‘ ; 3 -
, ~] I~ — - 21N P~ 000z =
/ P
A o
(1]
I
/ 000z o
n
g
Wrua- $
8 Wny = N 3
1 % N - ooor o
A (=]
I~ L / X w
B m
o
/ 5
/ 000 = .
: =
0009

612




o
o

@
[=]

TEMPERATURE-’F
o

[
[~]

50

©
o E

T T T T T T T T —T— : 100
\ TEMPERATURE. DURING TEST NO. 3, {i : ;
) N H N i n
N ...__ \ n i\ A (AN N ) “ N . ..”-
i \ w
. / \ ,._ -._. - / i /— / :/ } / J/; ?,_ . /, ~>/ B : ) 1\ R o0 &
N \ \ ; Y 5 H A \ X AN
YRR YRR YRYR RV Y AV AV BN AW NS NAVAY R RE RN 2
h Y N v M Y1EAY v v /. V1o A \ /._ ] A1 2% [ L — 70 m
7 v v W A N A o
N N \p . =
v ) us
,. 60
1200 / mmv
1100 i . : - . N
: o brumL) ] : , 4 i /
| 1000 : i , Bl : : N\
= NEEE ‘ p ENEER
w
Mmoo // , . N }
mooo : 1 < m_
e / < i
w 700 ]
a . ~N pE)
© 600 . A
w X N
] /
= 500 o -
m. = & e M»
Waoo i ‘ @
> ] S R DRUM 2. : : : ;
T N NN N ——
200 i S . 2 N B Gt
100 A 7/,/ : RUM 34< 7// i o "N i ] N /
T | [P —— T //» T
e 15 16017 18- 19 . 20 .21 ~22 23 .24 25 26 27.28 .29 30 31- 1 2 -3 4. 5.6 .7 B8 9..10 1. 12 .13
: : AUGUST. S } e : SEPTEMBER ,
| { | |
o E . . S : : pa
SEDIMENT OOZOmZ.._.mb._._OZm AND WATER TEMPERATURE S
IN DRUMS CONTAING WINTER BUDS AND ANGOSTURA SEDIMENT—TEST .3~ -
‘ 3

3
@
c
Y
m
5




‘FIGURE 13
REPOAT GEN " 27

m ._.wm.—. hzuz_omm <m:...mowz< aNVY- m._.z<n_n_ Qm_._m_._mq._.ww

wz_z_<._.ZOo SKNYA NI mzo_._.<m._.zwozoo ._.sz_awm

438W31d3S : o S ‘1snonv. e
8 L-.09 g 14 1 g 0€ 62 82 .12 wu €2 v2 g2 22 12 :02 & 6t 8i 9l St ti

o]

R N N R —

D - - - 001

NERn=SRNYANEANEN 1IN

N

N3WIQ3S Q3ANILSNS 40 LHOIZM AS Wdd

o

o

=]
1




| ‘Figure 14
,; _wmvoi A,D.ma_,wﬂ,.

@
BAT
&
F
s
i
8
o
-
[14]
0
/)
<
]

STANDARD CANDLE -

. Jackson Turbidimeter:Equipment




0861 TiYay

pm 1 _gsooppm |

,~250 ppm
'3

e
+5000ppin-

,-2500 ppm

\ N

~~800 cws\,\mmo ppm

-[250pom

.\&._\\‘.\\_l
.\.r\\_mm.o ppm -

ppm

8

\\

Control-

¥

- PERCENT_ REDUGTION OF FULL: SUNLIGHT
g s* Sl :

LA

. FULL SPEGTRUM WAVE
300 10 750 Z:u_t;;_nmoz.m ]

LENGTHS

" RED WAVE LENGTHS
. ; 600 TO 700 MILLIMICRONS -

- BLUE WAVE LENGTHS
.AOO 70 .500 !__rr_gnnmozm..,

=a

20 ;30

40

. PERGENT REDUGTION OF FULL SUNLIGHT
_~ PRODUGED BY ANGOSTURA SEDIMENTS

50,

| ‘Note: Extreme ends of curves denote’ maximum depth of measurable light

it 80

0

20 .30

©. 40

" WATER DEPTH IN CM

-850

20 - 30,

40 -

50

42 ‘N3O L¥O043Y

S GLAHNdId




Tydv

096!

4

[} [ 4 s
&
N
5000 ppm-~ ,-25000pm  |--1250ppm | 5000 ppm-., ,-2500ppm  _L-1250ppm | 5000 ppm |- 25007ppm
100 N\ . oo g R N s AL S [T A _
/ S . r\ - 1250 ppm
§ . v /7 :
0 \. \ I \ ) \..\ :
: . . ) I
! . Control~__~ : T
e | N il
i .mO -\ T _._ £
[ 1 7 _m I
X _: ; ; \ . __ I
5 : Ao Iy e
=30 A I R !
-1 T \ 4 ) SHER
4 “ Control~|s._ g i L Conirol v
=~ ] o B \. f __ iy iRl
w 60 o - - - \ |
w : AR
c “
o g i ]
w : : |
- ol ,\ i \ R : : :
=N / \ , L dl
;m« ;\ w A R SR ._“
a ¥ -7 , .
]
| ) . ..
ol L s ; A5 L .
/ FULL SPECTRUM WAVE LENGTHS . g : \\ ". RED WAVE LENGTHS /. BLUE WAVE LENGTHS
‘— 300 10 ﬂub MILLIMIGRONS : - : YA - 600 ﬂO,ﬂOO —;.FF_Z_OZOZW; L \ s 7400 -TO uOO« I_FT_Z_ﬂIOIM
I : _\
N2
a0 . 50 . 60 - 0 20 3040 _ . 50 60 10 20 30

. WATER DEPTH IN GM
Note mx:,mam m.:% o_“ curves ,%:os,aozaca %,v:. omvwwammm___.ao_m tight
| PERGENT REDUGTION OF FULL SUNLIGHT

PRODUCED B8Y SODIUM BENTONITE SEDIMENTS

3unoid.

LZ27°N3D LY043H-
9l




T

FIGURE
‘REPORT ‘GEN, 27

 Wdd-NOILV¥INIONOD IN3IWiQ3S :
< 0008 ; § OSN - 0gei - : 000S 3 0098 L 0s21 008 0s2 0§

._m;w._.‘<3 Zma<._ ._.st:n_wm 0._.2_ ._._._w_n_ u_o
‘Hld3a ZO_._.<m._.u2mn._ _>_Ds__x<_z qumm><

hzwz_owm m.r_zo._.zwm, : S : hzwi_omm <m:._.mowz< :
; Wdd- zo:.«.x._.zmozoo .Pst:omm

<

SHiONIT 3AVM 3078~

_ ‘-mmzzm P
3AvM 38|

N

WNY193ds 1047

SWO NI-NOILVEL3INId WOWIXVYW 4O H1d30 HILVM

APRIL 1960




AVERAGE REDUGTION
ANGOSTURA SEDIMENT --__

.u %25&5

"ANGOSTURA
- SEDIMENT

:\><m=>om xmoco:oz
mmz._.oz_,am mmc.:m24 ’

_ m q%&mﬁa,
>zmom.ﬁcmb
*. SEDIMENT-"

PERCENT PLANT WEIGHT: REDUCTION

\u :Q%mem
. »zoechx>
/lmwo_zmzq

100 ¥ : 250 300 800 .~ 1250 -
mmoimz._. nozcmz._.mh._._oz vvz .BY- im.o:._.

vmm mz_. v_-bz.ﬂ s\m_OI._. mmoco._._oz
vxoocom_u BY. wcmvmzom_u wmc:smz._.w

42 'M29 L4043, .
2Ny :




Figure 19"
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" Figure'20
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APPENDD{ A

. PETROGRAPHIC DESCRIP'I'ION OF COMMERCIAL
SODIUM-BASE BENTONITE SEDIMENT

The bentonite 1is liglt gray in -color with a slight greenish cast.
‘Particles are generally subrounded in:shape. Size of the particles
ranges from less than 0.01 mm to lmmin dia.meter, averag:lng about
0.1 mm. ~ . : :

X-ray diffraction ana.lyeis of ‘the rbentonite‘indicates that it is
composed essentially of sodium montmorillonite clay, minor amounts of
feldspar (including both potash and plagioclase feldspar), quartz,
and trace amounts of calcite. Clay-staining techniques were employed,
and & montmorillonite color reaction was obtalned on the sample. The ;
estimated quantitative analysis of the bentonite, based: upon microscopic
cbservation and x-ray diffra.ction line intensities ’ :ls as follows: ‘

Montmorillonite : gk percent .

Feldspar (pla.giocla.se and potash) -l percent -
'~ Quartz , ... -2 percent
" Calcite , : , . Trace -

1k




. APPENDIX B |
'PETROGRAPHIC EXAMINATION OF SEDIMENT
' ~FROMANGOS'I’.'URA,RESERVOIR T, ' :
X-ray diffraction and differential thermal analyses tests were
conducted on the clay sample. The sample of clay was found to
‘bave the following approximate mineralogical composition:

Calcium beidellite ~ 40-60 percent
‘Quartz and chalcedony = 15-20 percent -
Illite and mica ~  10-15 percent
Kaolinite 5-10 percent
Feldspar =~ .= ‘ -2 percent
Calcite - o - 5 percent
Organic matter - Small amount

- ) The calcium beidellite is a montmorillonite-type clay which contains
frequent silica-for-alumina substitutions in the cerystal lattice, and
also has most of the exchange positions ‘occupied by calcium ions. It

* 1s & swelling-type clay, but not to as great an extent as a dodium
montmorillonite. The other clay minerals, kaolinite and illite, are
nonexpanding clays and also will disperse in water, as will the
‘beidellite. All of these clay minerals will contribute to the
opacity of a suspension of the sample in water. :
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- APPENDIX C

So:ne Engineering Considera.tions
: by P. F. mger

Limophotometer rea,dings ‘were plotted to determine percent of light
reduction, at various depths, from intensity of light at the water
‘surface. - Plots of data, Figures 1 and 2, indicate percent reduct:lon
"to be a log normal function. Data plotted well with practically no .
deviatior (skewness) at the tails; however, some deviation from the
log normal function occurred in central terms. The tails, which are
of greatest interest, can be easily and fully described by substituting
for the- depth ‘*elow water surface (y) )y Q. function of the 1og of the

As there is no skewness of ‘the tails, the norm.l or Gaussian equation
resulting can- be written in the form'

y¢ 200
: ez< ¢‘)dy¢

(yﬁ) = percent reduction in light for- d.epth y¢
below surface ;

W = log, of a mean ,depth where 50 ‘percent
1ight reduction would occur, if normal
equation were to follovi tails condition

6¢ = standard deviation in terms of logy of y¢,
100- 418 used as a constant to cha.nge light
reduction to a percentage

For the substitution 1og to the base 2 (logp) m aelected.. ‘This results
1n easy plotting as logal = 0y 10322 = 1, 10321& = 2, 10328 %3, etc.

'The M¢ a.nd 0/ values for the curves determined vith the opa.l glass are
shown in Figures 1 and 2, ‘ :

To determine percent light reduction due to sediment, the percent light
reduction for a given depth in the control drum was subtracted from the
percent light reduction at the same depth in drums containing s>diment.
Plots of the results are shown in Figures 3 and k. The figures show
light reduction for total visible portions of the spectrum.




The experiments described in the report were conducted in drums where

~ the mean velocity was directed toward the water surface and there was

no resulting average horizontal ‘velocity. In flowing canals or
laterals the opposite is true, or, the mean velocity is in the
direction of the canal or lateral, and there is no resulting average
upward velocity. 'As plants are by no means ‘rigid, any resulting
horizontal velocity will tend to deflect them. (In these tests,
resulting upward velocities did not tend to create a horizontal
deflection of the plant.) In the field, -any ‘lateral velocity would
force plants to deflect at various angles, depending on the: velocity
of the water and the condition of the plant. This would require-
the plant to produce longer stems than those produced by plants in-
these tests before its tip reached ‘a comparable light intensity.
Figure 6 is a graph of the additional elongation required versus the
angle of deflection. Assuming a channel 3 feet deep and that light
for aiding plant growth is not available at depths . of greater than
1 foot below the water surface, the figure indicates that if the
‘velocity were such that a deflection between plant tip and root of
60° resulted, it would be necessary for the plant to become twice as
long to reach the:same level of 1ight intensity as those tested.
However, velocity’fluctuationa of the flowing water may result in
fluctuations of the plant which would aid in reducing the effective
elongation necessary to reach the light source. There is the:
possibility that resulting deflections plus fluctuationsrmay o v
contribute such small corrections that they can be neglected. It
is also possible that the plants may be forced to such lengths as

to actually. create more obstruction to the flow.k

’ From preceding discussions, it becomes obvious that" reduction in
growth of a given plant in a flowing channel cannot be related
-8imply to the concentration of suspended sediment, but must be a
function of: (1) concentration of suspended sediment, (2) type of
‘suspended sediment, (3) velocity of water in the chanmel, and (4)
depth of water. in: the channel. Also, plant response will depend
on type of plant and other biological factors within the plant ard
soil. These discussions ‘show the equations given should be ‘
considered as applying only to the test conditions used in this: o
study, and that acditional studies would be necessary to. evaluate L
.‘other effects.uu», e ; : , e
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