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STREAM RECLAMATTION TECHNIQUES

by
Gordon E, Slifer

INTRODUCTION

Reclamation pf streams can be an extrenely effective managsment
technique. The effectiveness of this management tool is, however, closely
related to the métho&olbg employed. In this report, I have collected per-
tinent information from a variety of sources and in the light of our owm
experiences and needs, present a comprehensive, step by step outline for
successful stream reclamation. , - - _

Lennon and Parker (1959) obsorved "There are important problems involvéd |
in ths reclamation of running water. A lethal concentration of toxicant must
be maintained over miles of stream despite factors of stretchout and dilution.
The fish at any g’iven point in a stream must be exposed to the toxicant for
an effective len;g%h of time in ’order to obtain a kill. Ihese problemns are
corplicated by the variable rates of stream discharge and wvelocity, by ths
temperatﬁre of the iq.ater and by the greatly divergent susceptibilities of
various species of fish to a toxicant at a given concentration and periods
of exposure.- Consequently, the dimensions of a bolt of toxicant _(chemical
prism) moving downstream have to be carefully prescribed,”

Early atterpts (Lennon and Parier; Fernholz and Frankenberger 1966;
Fernholz and Slifer 1967) at describing a prism of toxicant involved measuring
downstream decreases in stream resistivity readings caused by short intreduc-
tions of salt solutions as proportional indicators of dilution.

Laboratory test (author - wipublished) proves thai salt content plottad
against resiétivity does not yield a dirii':}i proportional 1;elationship (Fig. 1)
and that substantial errors can be made by basing calculations of toxicant

rec:‘rements on this assumption. A new approach utilizing ths linear relation~

shir of salt content against conductivity is now available for prism analysis.
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Further understanding of the nature of short chemical prisms in streams requires |
modification of ol&, inaccurate techniques while incréaﬁed knowledge of various
fish toxicants providés new concepts and new tools that project managers

should incorporate iﬁto their stream reclamation programs.

The size of the stream that can be treated utilizing the salt tracer
technique is limited in practice by the large quantities of salt required for
large strean flows and by the length of time required to collect the necessary
data on exceptionally long or very sluggish stream systems..

SALT AMND COHDUCTIVTIY RELATIONSHIPS

HcGoy and Ratledge (1967) determined from expenments on three different
North Ca.rol:.na trout streams that the regressmn of spec:.fic conductance (y)
on salt content (x) at 65°F. was almost perfect with a regress:Lon coefficlient
of 1.85. . . S

Recent 1aboratory test at Black River Falls, Wisconsin (author), on a |
sample of soft, brown-stamed water obtained locally confirmed a lmear regres-
sion of specific conducta.nce (y) on salt content (x) at 77 °F. (Fig. 2) The
regression coeff:.cn.ent was calculat.ed at 2.19, yielding a predlctlon equa’c.loq

Of « o« o »
= 18.09 + 2.19x

The Iegressidn of y on x was nearly perfect as evidenced by a correlation

(R) of 0.999. The t value was calculated at 366.9.

The 99.95 percent confidence limits of the slops of the regression line
are 2.19 : 0.0025.

Subsequent revaluation of the N. Carolina data, this t:‘.mé converting
conductivity values to our standard of 77°F., yielded a regrassion coefficient
of 2.1k indicating a slope that is highly compatible with our laboratory test.

These data suggest that the value of the regression coefficient and
hence the slope of the line it describeé ma'y‘—;ae temperature dependent--therefore
accurate correction of all resistaice readings to the standard of 77°F.

(Table 1) before conversion to conductance is very important.
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The inverse-prediction equation for salt-resistivity data is . . .

X = -2
(yo o)/bl
where
X = ppm. salt present
y°= measured resistance as the salt prism passes,

corrected to 77°F. (Table 1) and converted to
condustance-~

Conductivity = 1,000,000

FTrer.

e}
a = Observed natural resistance corrected to 77 F.
and converted to conductance--

C = 1 OOO 000

bi— 2.19 (regre551on coefflclent)

Conversion of data to the 77 F standard is quite suunWe. If a conduc-
tivity meter is avallable, direct readings may be taken at exlstlng stream
temperatures and converted to 77°F. using the appropriate column in Table 1
This eliminates the need to convert resistance to specific conductivity.

A resistivi§§ meter can also be used to collect data for the regfession
equation if the valﬁes are propérly corrected for temperature and converted
to conductance. | | |

DETERMINING STATION IOCATIONS

 Before dbnducting test on the stream itself, it is necessary to decide

on station locations--points where additional toxicant will be added to keep
the concentration up to a lethal level.

In normal stream situations, dilution will approximate 50 percent per
mile although wide variations can be expected in same situations.'

Access permmitting, it is most convenient to select stations approximately
one nile apart. This frequently avoids the necessity of having to introduce
massive doses of toiicant at one station in order to maintaih a lethal concen-

tration at the next downstream station. Bridge crossings make excellent
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station locations as they are readily accessible and are eas'ily‘a‘:dentified.
Once stations have been selected aﬁd marked on the map, accurats flow

readings are taken at each station. A station on the main stream must alvays

be established immediately above the confluence of a major tributary. It is

important that this station be above the mouth of the tribubtary,.

Similarly, when locating stations on major tributaries, the lowermost
station should be on the tributary near its junction with the main stream.
The 1&1-:ermost sﬁatiqns on t-heSe mejor tributaries are used only to monitor
the strength of the. salt prism before it enters the main stream.

A1l other stations on the tit?.butaries and main stream,excepting at the
tenn:h_:ms of the pﬁpject,will be used to introduce a.nd monitor salt as well . .

as introduce toxicant.’

IEVEIOPTIG A TEST PATTERN

It is desirable that 2 minimm of 50 ppm. salt be introduced to creata. N
a salt prism of éiénii‘icant magnitude for downstream measurement.

| Philip Gildéﬁ(nisl (U. S. Fish Control Iaborator;y', Ia Crosse, Wis». - personal
.comrnmicat:".on) has 'vdex.nonstrated that it is also necessary to introduce ths salt
concentration for a fela.tivﬁly long period of time in order to make the peak
reading of the salt prism at-arw“downstream Jocation dépar;dent upon incrasase ’
in stream flow and independent of the length of the :injection. period (F‘ig. 3).
Preliminary tests by Gilderhus orn.a one-mile stretch of stream, having a
70 to 30 percent pool riffle ratio, indicated that a two-hour injection oi‘_ ‘
tracer was necessary to give a true peak with a 30-mimte plateau. Shox;tar
periods of tracer injection resulted in sharp peak.s which were obviously
deperdent upon the length of time the tracer was introduced.

In streams having a very large percent of their lengths in large, deep

pools, longer pariods of tracer injection may be required to permit saturation
of the stored watsr. In streams with rapid flows or fewsr pools, a shorter

tracer injection pericd may be sufficient,
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Salt ié. most eff;activ'aly intrciuced Into a stream by dissolving a
measured quantity.in a container with a faucet-type valve.

McCoy and Ratledge note that pounds salt per hour - (cfs. )(0.225)
(ppm. desired). They recarmend that the quantity of salt required per hour
of application be divided and introduced into the stream in quarter portions
over 15-minute periods to eliminate the possibility of a one-hour portion of
salt being accidentally released in a much shorter period of time.

McCoy and Ratledge express preferencs for starting a salt prism at
Station #1 and folio‘wing it through to the end of the project, injecting
additional salt at each downstream station just as will be done later with

the fishr toxicant. - They reporb an average prism travel time of .Seven howrs = -

per nn.le in four reclaimed North Carolz.na trout. streams.

'I'his method immlves identifying the peak of the passing salt pnsm
at Station 2 at the earliest poss:Lble moment. Then whils continuing to
monitor the arriving prism, additional quantities of salt are ad;ied .a. few
feet downstream to reinforce the prism as it passes. Crews are worked day
and night to follow and reinforce the salt prism,

Ve have obtained satisfactory results by running sélt test on each pair
of stations mdependently of each other. Ve have also found it desirable to
work upstream, i.e., to corplete the lower stations before doing the upstream

stations to prevent lingering salt ‘concentrations fram interfering with the

next test.

This latter approach provides ample opportunity to observe the entirs
salt prism and to design a toxicant prism without attempting to follow the
salt prism throughout the night. This approach also eliminates the potential
error due to the different rates of loss of chemdcal concentration that are
time dependent. McCoy.and Ratledge report that their studies indieated no

T,

significant difference between the concentration of chemicals (salt and

rvtenone) when the distance between stations did not exceed two miles bub
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postulate that, over a larger perlod of time, the toxicity of rétenocne %will
be reduced by aeration, light, dilution, longitudinal mxi}zg, and natuzal
dzcamposition at a faster rate than salt is reduced by dilution ard its
affinity for other stream chemicals. 1
PROCEDURE FOR SALT - CONDUCTIVITY TEST

The procedure and calculations for a hypothetical stream w:!.th three
stations above the dstoxification point (called Sta. L) would be as follows
assuming that 50 p‘;‘m, salt were introduced for a 2-hour pariod to measurs
the extent of strea.m‘ dilution.

Beginning the 'test at the lowermost station for the stretch of streanm
between Station #3 and Station fi:

At Station #3

1. Determinas the matural specific conductance of the stream, correct

. to 77°F. (Table 1) - exauple 18.9 & 77 F.

2. Determins _x'(méter) stream flow (3 ofs. ).

3. Calculate pounds of salt required per hour to give desired
concentration = (cfs. ){0.225)(prm.. desirsd) = (3)(0,225)(50 prmr.) =
33.75 pounds of salt' pér hoﬁr or 67.5 pounds of salt in two hours.

k. Divida hourly salt requiraménts into quarter portions (8.LL 1bs.)
ard introduce each quarter portion over successlve 15-minuts
intervals until all the salt has been applisd.

CAREFULLY NOTE ‘TH’.E TIME OF I}ITIAL INTRODUCTION.
If, by miscalculation, ons-quarter portlon of salt is rsleased. in

" only 10 minutes, wait until the full 1S mimites has elapsed bafore
proceeding with the next portion. The effects of minor errors in.
releass will lew=l thsnsslves of,ﬁ as the prism passes through pools.

5. As an optional check for ths act-fual prt. salt introduced, wait mtil |
you have been introducing salt :éor about onre hour, thesn move 100-1-300'

o
feat dowWnstream and dstermins the specific conductance at 77 F. and
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solve the inverse prediction equation as i‘ollows_ for x.
x=(y, -a),
"whers x = ppm. salt present

. , C o
observed salt inifluenced spscific conductancs @ 77 F.

Yo

aoﬂ natural specific conductance ) 77°F.

b,= 2.19 ( a constant)

Then, when all the salt has been introduced, procead to the next down-

stream station (#4).

At Station #4

1.

3.

Determine natural conductivity of water, corrsct to 7701"‘. (examples 19.2).
Note: Slight increases in natural msistivity are frequently noted |
at 1owar points on the stream.
Datermins and record cmductiﬂty valnas in the stream at - 5- to .
-min:ute intervals as the salt. prism passes. CAREFULLY NOTE THE
EXACT ATIME OF EACH READING. The obssrved rise, leveling off and
subsequent decline in specific conductivity will describe the passing
salt prism. . o
Foxr the mu‘pose of later toxicant calculations, 1t is nacessary to
observe the series of high and nearly equal condnetivity valuss
{plateau), select a representative averags and convert this valus

to 77°F.

For our example, we shall use a conductivity value of 61.3 at

_ 77°F. to describe the plateau.

Using only data collected at this station, ths inverss prediction
equation « ¢« « « o &
= (7o - 25)/01
is solved as oubtlined—for-Station #3 « « . . .
x = (6103"19.2)/2010 = 1»12.1

2.19
x = 19.22 ppm. salt remaining in the peak of the prism.
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Recalling that'SO prm. were introduced upstream, calculata that 61.6%

of the peak concentration was lost or the 38.L4% remains.
Moving upstream to test the section of stream batwsen Statian #2 and

Station #3, the same procedurs is followed as has been previocusly outlirad
for the stream sector between Station #3 and #i. In a similar fashion, all
parts of the stream are investigated, including all major tributariss and

salected representative minor tributaries.

TOXICANT SEIECTION AND APPLICATION RATES

Lennon and Pariker (1959) investigated the concantrations of a § psrcent
rotenone compound and the length of exposure time required to kill 2}, spsciss
of fish including hogsucker, carp, river chub, catfish, and bullhead.

One conclusion from this study was that 23 of the 2ly spscies tested could
be lalled in a strea.m if this pisciclds ware mamta:l.nad at 1 ppm. i‘or six hours
at a water berperature of 60°F. or higher. Goldfish wore killed in on]y one of
the six tests.”

| Gllderhus reporbed the results of prelmina::y efficacy test of rotenone
in a s:ixw.latad stream situation using water with a pH of 8§ ard 2 total hardrass
of 300 prm. (personal cammmication).

Hs found that at 53°F., 20 percent of the test carp cowld survive 15 hours

exposure to 5 ppm. Noxfish, even though all fish ceased to show visible external

signs of life after only four hours exposurs.

Nine hours exposure to 5 ppm. Noxftish were required to kill 100 percent
of the tested common suckers.

These preliminary and limited tests should serve to a.l;arl:. interested
persommel to the potential limitations of’rotanone in cold water sitraticns
common to many of our trout streams.

Antimycin A, an antifungal antibiotitT==~TSTently be-en receiving caxaiul
attention as a fish toxicant. Wallzer and Iemnon (196l) observed that it was

lethal to certain target fishes in low concentrations and on short axposures
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that it prbdﬁcegi effsctive kills in cool or warm water and that 1t rapidly |
degrades in water leaving no harmful residus. They report that planicton,
aguatic plants, and bottoﬁ fauna 'were not harmed by piscicidal concentrations.

Taxicant concentrations necessary to acc@Mh complete eradication ave
dependent upon pH, water temperature, and specles of fish -prese.nt.

Further test by Gilderhus reveals that under simmlated strean conditions
with water of oH 8 total hardness of 300 ppm. and at 53°F., a 100 percent
kill of carp was obtained after only six hours exposure to 10 ppb. antimycin
while suckers need be exposed only four hours at this concentration to insure
a camplete kill. A.ntinwcin offers further advantages in streazns of all tempsra-
tures in that it (_loes not cause apparent discanfort to the fish being treated -
. and hence no efi‘qﬁs by the fish to escape to clsaner or i‘msﬁer water has . |
.been observed. .4 o | . “

Ant:u_myc:m is notably ineffective against chamel cat.fish, black bullhead,
and yellow bullhead at all water temperatures and goldfish at _cooler wa'ber
temperatures mthin reasonable applicatn.on rates. For cozrtrol cf most other
problem species comonly encmmtarﬂd in Wlsconsin trout straa.ms, mai._tenancs R
of a minimumn concentration of 10 ppb. Fintrol concentrate for a period of
" not less tha.n 9-10 hours can be expected to produce 2 ccmple'be Id.ll

It is readily forseeable that under certain conditions, it may be desirable
to treat portions o;t; the system with rotenop;e and other portions with antm;min;
Water terperatures permitting, time to death following exposure to the boxicant
may be an important factor ard rotenone kills with greater speed. In warm
water tributaries or in the warmer, lowsr stretches of a stream, the presence
of undesirable populations of members of the catfish famlly may make treatment
with rotenone desirable. In proaects involving large qua.ntltles of water,
co.n':panra.{:z.w° cos‘b oi’ the two toxicants may dictate ths use oi‘ rotenons where

stream terperaturss are i‘avorable.
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Howlard (1969), fram bloassays using Antimycin A, Chemfish-and the two
piscicides in combination, determined that the two chemicals used together
appear to have a sﬁght additive effect, but that more importantly, they do
not mullify each other.

COST CONSIDERATIONS IN TOXICANT SEIECTION

It might be noted that in the following examples, SL7 ouncas of rotenone
(4.27 gal.) would be required at a summer 1969 cost of $3.20 per gallon.

For the same hypothetical stream, 2,133 ml. of Fintrol concentrate
(4Ll units) would be required at a cost of $25.00 per unit.

Comparison of toxicant cost for the project would then be $13.67 for
rotenone vs. $111.00 for antimycin. Thirty-thres dollars of this higher
antimycin cost is due to the longer exposure period reqtﬁn.ad' for antimycin
1‘85u1'hi11g in an additional four hours of toxicant introduction at the minimm

Since 10 ho-ur.'.; iﬁtroduction antimycin is currently recomended as opﬁﬁﬁed
to six for rotenone > 2 higher total manpower expend:l.ture would be expected for
antimycin projects lf the tonca.nt metm apparatus raqzn.red very nmch attention.

NATURE OF CHEMICAL PRISHS - _ L
Observations of salt prisms in flowing streanms demonstrate that, stored
water in the stream tends to depress chemical cancentrations in the forward

and ‘brailin.,:, edgé of a moving prism. This erosion forms a prism with a front

sloping irom a zero concentration up to the pla’c.eau valus which is probably
determined primarily by the increase in stream flow (Gilderhus 1969). The |
concentration oi‘ chézm‘.cal observed in the plateau eventually slopes back to .
zero as the prism passes (Fig. 3).

Depending upon the quantity of stored water in the strsam ésction, the
length of the prism’s plateau (tfza actual length of exposure of fish- to thr2
desired miniium concentration of chemical) is conbimually shortened as tha

prism contimes to progmss downstream and both ends continue to erods.
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Sal.t-conductivity £és£ for any pair of stations adsquately descrides both
this erosion, dus to stored water, and the depression of the plateau value.

thile relafively simple calculations will serve to determins tha azﬁmmt
of toxicant needed to reinforce that portion of the prism contained under the
platean, the variable nature of the sloping forward edge doss not readily
lend itself to practical_mathmi;ical analysis and ‘even if it did, any subse-
quant chemical ilitroduction wounld require contimial in-the-field adjustmant
of toxicant input from a high to a lower rate as the plateau approached.

The s:'.t@1es£ -solution to this problem appears to lie in intreducing an
excess of toxicant in the forward edge of the moving prism so that any predic-
ted erosion of thé prism on its way to the next station will not reduce |
concentration valﬁe; in the first hour of the prism below that considersd to
be the minimm lethal value for the to:c:‘.caﬁt used. .

Gilderhus observed in a test strean consisting of 70 percent pools that
while a dye h:jép’ciion of two hours was necessary to provide a prism with a ‘
plateau of sufficient length to be of useable values, a ons-hour injection
would provide a prism with plateau that, while extremely short, provided a
peak value consistenlt with the value observed in the two-hour prism; It appears
‘likely therefors, ’_c.h;at in stream situations of this type or in streams with
fewer pools and less stored water, it would be relabively easy to calculate

the quantity of toxicant necessarj to maintain a safe chamical excess in ths

forvard ecige of the entire prism,

Once the forward edge of the toxicant prism is adequately protected,
the shortést possible constant introduction rats of further chemical can ©a
easily calculated.

In West Central Wisconsin trout streams, Fernholz and Slifer observed that
effective kills with rotenone could be obtained by no less than maintaining a
peak concentration of excess toxicant in ﬁhe forward portion of the prism that

was equal to five times ths desired minimun concsnbration for ths rewaining

portion of the prism.
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TOXICANT CALCUTLATIONS

Discussions- If, from salt-conductivity test, a 30 percent daclirs in |
salt concentration is observed betwsen Station #1 and Station #2, it is then
expected that any toxdcant concentration will ba diminished by 30 percent on
its way to Station #2. .

Therefore, if ‘5 ppm. chemicel concentration is desired at Station #2,
but only 70 percent of any concentration introduced at Station #L will remain,
‘it is calculated (.'fOx = 5 ppm.) that 7.1} ppm. concentration would be nasded
at Station #1. This ~concentration of chemical, bassd on ths flow of Station #1,
is necessary to get a peak of 5 ppm. to Station #2. It is noted ’c.hat_ 7.14 ppm.
in a flow of 5 efs. = (7.14)(5)(3.Lk56) = 123.4 cunces of rotenona/hr. roquired
at Station #1. - o |

However, since toxicant concentration in the stream is directly _dapendént.
" on the quantity of‘.'chamicél addad under one particuléf sot o.f cn.rcmnstancesy s
it is logical to dsal directly in terms of chemical quantitles. It is also
- practical as :n.t saves ssvaral ~staps in toxicant calculaticns.l
‘ The quastioﬁ in terms of éhemical quaz&tities is' .76:: = 86. d-uh?eé/hoxyl;:‘
where 86.4 1s tﬁe calculated amount of chamical amount regquirsd at Station #L
to give 5 ppm. at Station #1 and x is the unknown quantity of rotenone neaded

.to give a 5 ppm. peak concantration at Station #. Then x = 123.43 ounces

rotenone/hour, Similar calculations for each pair of stations on the stream
will provide basic data needed to derive final toxicant introduction rates
after appropriate consideration 1s made for quantitiss of useable toxicant

arriving from upstream stations (see appendix for examples).

1/ This is true only at the upper station of any pair during the tmg or
actual introduction of the chemical. At _any voint downstream, concantration
will be dependent upon length of ILI’J"CthII, dilution dus to incre eased sor2am
flow, longitudiral mixing, and some othsr minor factors.
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TG THE PROJECT | : L

On a share project map which shows the location of each stati’.on, recoxd
the time information collected from' salt-conductivity test. For Station #1,
record the time that the salt prism was bégun. For Station #2, record the
time that the center of the plateau of the passing prism arrived. Calculate
the hours and minutes of bime elapsed, subbract 30 mimites, and record this
value on the map between Station #1 and #2. Subtractiné 30 m:iﬁutes will
serve to center the one hour dose of réinforcing toxicant around the peak of
the prism passing Station #2.

Similar calcula;tions must be completed for every pair of statioﬁs on
which sa.].t-conductivitir tests were run, i.e., 2-3, 3-L, 4-5, and 5-6 in our
example. Values for tested tributaries should be calculated also.

Timing the project becomes a simple matter of choosing a time that you‘
- wish_the toxicant to reach the detoxification point. Thenbac‘ccalculate )
upstrean, station by station to determine the time that each étatién on tk;e;
main stream and each tributary must go into operation.

TWTRODUCING TOXICANT (Equipment)

Toxicant introduction must begin at each station at the time indicated
by your time studies (previous section). The one-hour injection of chemical
at the rate calculated in Column E, Table 2, is followed immediately by intro-

duction of a quantity of toxicant equal to 1/5 the Column E value per hour for

an additional 5 hours or 9 hours for rotenone or antimycin respectively.

The simplest type of device that may be used for chemical introduction -
consists of a 5-gallon pail in which a spigot has bsen installed. This
anvaratus has proven generally unsatisfactary for toxicant introduction
because as the fluid level in the pail drops, the rate of flow from the spigot
decreases and it is therefore necessary to have an attendant on dﬁty at the
station full time to continually readjust the flow rate.

In an at-empt to correct this disadvantage, an autamobile carburetor was

conmnected to a line leading from the pail. While the flow rate tended to




remaln constant tiroughout the peried of Yoxicant introduction, the cariumetas
system proved unsaiisfactory because it was easily plﬁgged by small amounts of
debris or by the gummy mixture of rotenone and water itself. As a result, fre-
quent checks and dismantling of the system for cleaning were required during
the project. :

The only completely satisfactory metering device we have found was described
by Anderson (1962). It consists of a 72 amp. hour wet cell; 12-volt battery,
an electric fuel pumé‘and the necessary tubes and fittings required to pérmit
accurate adjustments of delivery rates.

My tests of.this unit have shown that completely stable delivery rates of
various mixtures of water and roﬁgnone over 12-hour periods cénAbe expected. '

Extensive field use of 9 of these uﬁits has demonstrated their camplete
reliability w1th rotenone and. llquid antimycin. A |

The day befbre the project begins, the fish toxicant is measured. We
' have found that J.t.l.S most practical to mix the needed quantity of toxicant
with SU.flClent water to make 5 gallons.

For each statlon, two contalnars are neaded. In one contalner, add ‘water
to the qLantluy of tox1cant 1nd1c ted in Colxmn E. For rotenons, repeat tha
procedure in the second container. For antimycin, the second container must
contain 9/5 theiquahtity of chemical in Column E for that station sinece it will
be necessary to introduce 1/5 of the Column E value for 9 hours after the first
hour's introduction.

Dilution should be done only with clean water to avoid potential prdblemé
with particulate matter plugging tihe purp or same of the fittings. De-chlorinated"
tap water-is recomﬁénded since chlorine detoxifies rotenons.

The chemical pump is then preset, using clear water, to deliver at the
rate of 5 gallons per hour (53 ml. in 10 seconds) and rechecked with a graduated: .
cylinder at thé project site before it is time to start the station. Needed

minor adjustments are made at this time.
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After the first hour of introductiofl has been completed at the comouted
rate, the quantity of chemical neeced for the'remaining 5 or 9 hours (all of
wii_ch has also been diiuted to 5 gellons in water) is dispensed from the sscond
container by adjusting the pwp to deliver at the rate of one gallon/hour for
rotenone (63 ml. per minute) or at the rate of 0.55 gallon per hour (35 ml./min.)
if antimycin is used.

Because thesé.units-have proven ﬁo be so trouble free, it is necessary only
to see that they are ‘operating properly and then check them periodically (every
one or two hours) until delivery is commlete. The savings on manpower by not
having to continually tend these units readily pays for their initial cost.

Maintenance of the unit consists of thoroughly cleaning the pump after each
project and recharging the battery. Because of the corrosive natufe of salt and
potassiun permangaﬁate, these chemicals are never dispensed through this equip-
ment. Before storgge; the pumps should be filled with cleaI; fuel oil to protect
their intérior. 7O | |

Applications of 1iquid formulations of fish toxi&ants from aircraft overhlakes
h;s resulted in some expensive failures (Gilderhus 1969); He reports that these

failures include treatments with antimycin, rotenone and toxaphene, but concludes

that fault may lie in the fact tha% the liquid is pressurized and discharged as a

fine snray which, after further reduction in droplet size, reaches the water as a

fine mist that is incapable of penetrating the surface film of the water.

Obviously, this potential for failure should be considered if aerial appli- _-
cation of toxicants is planned for extensive backwater areas adjacent to the
strean or in lakes that occur at the terminus of the project.

Smaller backwater areas are effectively treated by dispatching crews
equipped with back pack spray cans. Treatment of these areas should coincide
with the arrival of-the toxicant prism in the stream.

Table 3 will serve as a quick guide‘to‘qgantitigs of rotenone or antimycin

- required to treat off-streum ponds and backwaters.
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BARRIERS TO UPSTREAM FISH MOVEMENT

Considering the time and exrense involved in conducting stream rocliuwa-
tion projects, it seems inadvisable to treat streams which lack effective
barriers (natural or man-made) against upstream movemsnt of undesirable “ish
into the project area or to canstruct effective barriers.

McCoy and Ratledge (1967) recormend the Deibler or crib typs barrier be
constructed if no natural barrier is present. No comment on the effactive-~
ness of these barriers is made.

Flick and Webster (1969) give detailed information for construction of
an effective barrier pansl suitable for ms’oa]lation mmediately dowmstrean
from Jow head dams w:Lt.h a total height of not less than 30 inches.

Flick (1968) tested three types of fish bgrriar panels for use in con-
junction with low head dams and found one type consisting of anglad baffles
lying parallel to the flow to be satisfactory sven when watasr Je%gls in the
pool belcw the panel were 1l inches deep and the fish needed to Joo only
16 inches high in order to pass over the barrier panel. Cost of the parel
approached $30.00 per foot (built on an existing dam) but wers consider=d
Justifiable in view of the cost of a reclamation projsct. | |

In areas having sandy soils, it appears feasible 't;o Jet in a wall of
Viakefield sheeting which extends 26 to 30 inches above the nml_ water level
to serve as a low head dam below which barrisr panels can be installed, ’

In any event, careful consideration should bs taken of the expected
maximm rise in water levels during perlods of high stream flow and barriers
should be designed to cover any reasonable possibility.

Further study of the practicability, effectivensss, feasibility, and
economics of fish barrlers of all types is badly needed.

Flick (1968) also observed that when dams had a vertical drop of 6 foat,
or in situations whers there was a steep gradlent below the dam that was not

favorable for jumping, adequate protection against upstream migration was providad. .
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DETOXTFICATION
| Jackson (1957 ) observed that chlorine in the form of chlorinated lime
and potassium permanganate were oqually effective in detoxifying rotenons.
He observed that in watsr which was relatively free frem organic matenal, |
that the concentratlon of K}fnoh or Cl necessary to detooaiy a given amozmt
of rotenone in 24 hours was approximately the same as the amount of rotenon_e
present in ppm. |
Ec%a chemlcals are rapidly degraded in the presence of organic matter
ard in certain stream situations where large quantities of organic matter a.na
present, a test for chlorins demand should be conducted and an additional
quantity of these rotenone detoncants added to satisfy this natural dam.nd
Tawrence (1956) reported immediate detoxification (essential in stream.

reclamation projects) of 1.0 ppm. Noxfish with 2.0 ppm KH:zOh at water

B i

‘temperatures of hh to’ 68" F. ST s e T R
McCoy (1965) found that in the South Toe River (N.C.), concentratioms of
Klmoh up to 12 ppm. could be applied without apparent adverse effects on the
downstream flshery. ‘ - | | | ' B
It . therefore seens evident that immediate deto:u_fn.cation of rotencne
in water with low chlorine demands can be accamplished by introducing Km0,

at a concentration of not less than twice tha rotenone concent_ma‘bion but not

exceeding 12 prm.

Detoxification of antimycin in streams is a subject that is badly in
need of further study. Detailed experimental information is cempletely lackings
however, Philip Gilderhus (U, S. Fish Control lsboratory, Ia Crosss, Wis.,
personal communication) has achieved successful datoxification of liquid -
antimycin in. field test by applying Kbﬁﬁh at the rate of 2 prm. for éach
10 pob. toxicant concentration present in strsams with water temperatures
belc+ 60°F. and ab 1 pom. for each 10 ppb. toxicant conceﬁtmtion when

terzeratures exceeded 60°F,
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In the a.bsenc.e c;f further study, I recommend that these lnterlm recacw
nendations be consi&ered as minimm application rates. In all cases ,. block
seines should be maintained across the stream several Inmdred yards below the
detoxification station from the time the first suffering fish arrive wmtil no
dead fish are seen passing the detoxification station. Failure to stop the
drift of dead fish downstreamiito untreated waters can result in considsrable
public misxmdarsté.nding and confusion.

The quantity of potassium permanganate requirsd :ln datoxdfication of
flowing water is'calcu.'lated by « o &

Pounds per hour = (ppm. desired)(ci‘s.)(o.225)‘ |

Potassimm permanganate is soluble in water at the rate of 0.5 pounds
vper gallon at GBOF, ‘ |

Whenever possible s it is desirable that a KHnOh solution of known ccm-:
centration (stock ;o}ution) be prepared in 55 gallon drums and dispensed at
an established rate at the detoxification point. . -

Jacksan (1957) repor'bed that the loss of mrnoh in distilled 'wapar in the
dark was :.nsn.gm_:.icart over a li8-hour pericd. _ .

' The presence of a vehicular access to the detoxification point would
permit premixing of ,tl;e mnoh solution using chlorinated tap watér (asstmed
to be low in organic content and Yo have a satisfied chlor:!:».s d,.ma.m which
would provide a relatively stable solut:.on.

In the absence of wvehicilar access, stream water must be-utilized.

. Because Ki:mOh may be rapidly lost in natura.l waters, mixing of the stock
solution should be delayed until just prior to the time it is ac’cually nsaded.
As noted earlier (see chamical prisms), erosion of both ends of ths
chemical prism resunlts in long, sloping, leading, and trailing aodges., These

edges contain concéntrations of chemical that sho-uld alse bs detoxifisd ii‘

damage to the fishery below the detoxification point is to be completely avoidsd.
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Hsnee, in the above example, introduction of lb Drt. m:nh followed by 2 prm.
for sn add:itional 5 hours would result in detoxification of .wst, but r 5 all,
of the arriving rotenone.
The following introduction schedule for stock Kbinoh solution is reccrmended.
2. In order to neutralize the toxicant in the leading edge of ths pz:isﬁ, |
begin introduction of 2 ppm. KMO; not less than two hours befors introduction
of the 10 pper. dose,
2. From salt-conductivity test, observe the expected time of arrival
of the peak concentration of (5 pmm. for rotenone, 50 ppb. for antimycin) in
the forward part of the prism., Subtract 30 minutes to find ths tims to begin
introduction of 10 ppn. _mnoh. | '
3. Follow the introduction of 10 pm. KIt0) with a minimm of § hows
-at 2 ppm. I@anh-'_foilowed by an additional' 3 hours at 1 prm. m:oh fpr rotenone
projects and by’-io hours-of 2 ppm: and then 3 hours of 1 ppm.” for antimycin . -
projects. o

DETOXTEANT CATCUTATIONS (Example)

Tn a flow of 13 cfs. total K0, requirements for rotsncne detoxificaticn
would be: |
pounds/hour = (10 ppm. )(13 cfs.)(0.225) = 29.25 x 1 hr. = 29.25
(2 pom.)(13 o£5.)(0,225) = 5.85 x 7 hrs, =40.95
(21 ppm.)(lj cfs.)(0.225) = 2,92 x 3 hrs, = 8,76
TOTAL POUNDS REQUIRED ' 78.96
Assuming that a stock solution of Kbﬁ'zoh is prepared by dissolving 18 pounds
of KMnOh into LS gallons of water (0.l pounds/gallon), the rate of dslivery
of stock solution/hour to achieve any desired stream concentration of KE&\.Oh
is calculated by: .

gal./hour = (ppm. desived)(cfs. )(0.55)

¥ Sapqrmpe WERTR S SRS e




. -

- 20 -~

and in a flow of 13 cfs., delivery rates for the different stages of
detoxification and the total requirements would be:
(10 ppm. )(13 cfs. )(0.56) = 72.8 gal./hour x 1 hour 72.8

1h.6 gal./hour x 7 hours 102.2

( 2 ppm.)(13 cfs.)(0.56)

( 1 ppm. )(13 cfs. ){0.56)
TOTAL REQUIREMENTS

#

7.3 gal./hour x 3 hours 21.9

197 gal,

For antimycin detoxification, 108.21 pounds of KMnO, or 270.5 gallons of

L
stock solution would be needed.

To provide for practical calibration of the flow rate, use any of the

following formulas that will permit convenient measurement over the spacifiad
time period in contairers which should be pre-marked for ths project.

ounces stock solution/minmute = (ppm. desired)(cfs.)(12.0)

ml. stock solution/10 seconds = (ppzﬁ._‘desir'ed)(cfs.)(59.)

ounces stock solution/10 seconds = (ppm. desired)(cfs.)(2.0)

gallon/minute = (ppm. desired)(efs.)(0.0093)

ETOXTFICATION EQUIPMENT

. ’Eguipmnt used to. dispense the stock solution of KH:zC)h should be desigﬁé&
to provids for reasonably even distribution across the entire stream and
should provide a constant rate of delivery. | |

Price and Haus (1963) have described a simple system for maintaining a

constant flow of rotenone from a 55-gallon barrel, This system is also

suitable for dispensing IG"InOh solutions but because of its low rate of

delivery (12 gal./hour maximm based on tsst of our units), its use with KI*i*zOh _
. i
is limited. At maximm flow, the system will only deliver sufficient KMnOh

solution to treat 2 cfs. at 10 ppm., 10 cfs. at 2 ppm. and 20 cfs. at 1 PDM.,
pure Kbinoh.
Application of stock solution at these rates to larger flows will rogqnirs

T,

the simultaneocus use of several barrels. For tha single hour that 10 ppm. Iﬁfnoh
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is required, it may be more practical in large stream flows to ;e'alculate ths
pounés of mmoh'(d.ry) needed, divide it into 12 equal portions and épply ons
portion each 5 mimutes by sprimeling it into the stream at the ]ip of ths
barrier or in a riffle to assist in mixing. The dry powder app]:l.cation nsthod
is considered to be potentially inaccurats and too tedious for long term
treatrents. | '

Vhen impoundments having the capability of being drawn down to stream
chammel level terminate the project, destoxification can be simplified by
sealing the dam as the toxicant prism arrives. |

When the da.m.has been sealed a sufficient period of time to éntrap ths
major portion of the arriving toxicant in the basin (678 hours for rotenons,
| 10-12 hours for antimycin), the quantity of K0, that would be needed to
neutralize the toxicant in the stream is applied to tha impounded water by
placing the pow_dér in severai layers of burlap and pulling these bags bshind
a motor boat, being careful not to stir up the bottom sediment. Only the
water seeping through the dam need be treated from a dz:ip barrél and only
until the impoundment is detoxified. .

This latter approach, whenever possible, should always be used as it
provides for the "widest safety margin and requifes mch léss e@zipmgnt and
manpower, especially when large stream flows are involved.

Regardless of the approach taken, this part of the project requires

extremely careful planning to insure adequate, accurate and unintsrruptad
application of the required qﬁantities of potassium psrmanganate.
Table |} will give guidance as to tha quantity of KHnOh required to

detoxify off-stream ponds and backwaters, if nscessary.
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APPENDIX

FOTENONE CALCULATIONS (Examples)

As notad earlier, when water temperatures exceed 60 F., rotenors can be

expected to produce satisfactory fish kill when maintained at a peak of § prm.

for the first hour and followed by 1 ppm. for an additional 5 hours,

The format of Table 2 1s recommended to assist project plamsers in

conducting toxicant calculations and organizing the results. The following

examples have been entered in Table 2.

FOR ALL STATIONS

Colum A.

Column B.

Colum C.

Column D.

Record the metered stream flow in cubic feet per sscond.
Calculate the ounces of rotenons mqui;ied to treat this flow
at the desired concentration (5 ppm.). |
ounces = (ppm. desired)(cfs.){(3.456)
The value (3.456) is a constant. , _
R;cord the percent salt concentration imtroduced at this
station which remained at ths next downstream statiom. If
for example, a 30 percent loss of concentratici; is exrerienced
between Station 1 and 2, record 70 parcent remaining in
Colurm C for Station #l.
Note: Station #6 in this example rapresents the termimms
of the projecty therefors in the salt-condctivity
test, no chemical was added, hence no ratantion

figures are availabls or necessary,.

.Calculate and enter ths quantity of chemilcal nscessary at
'this station to give a 5 ppm. psak concembtraticn at ths nex:

downstrean statlon. x = B/C. For Staticn #1, use only

C and B colum values fram Station #1 in the equation, For
Station #2, use only C and B column values for Station #2
ard so on up to but emimat station on the stream

for which no calculaticns arse necessary.
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Column E. For Station #l only, transpose the Station #1.D valus into
this colmmm. This represents the quantity of rotenons/nour to
introduce at Station #1 to insure a toxicant prism at #2 with
a peak of 5 ppm.

For Station #s 2-5, ws must considsr the useable quantity
of chemical arriving from upstream station. It is sulficient
to note that all test and subsequent calculations have tesen
designed to insure arrival of a peak of § pmm. to each station,

It can be further observed that for ary station, Colwm B pmvidés

a calculated point estimata of ths mstanta.mmls intreduction rate

necessary in the given flow to provids as prn. concentration.
For Station #2, we observe (Col. D) that 147.51 ources of
chmiéal/hr. are héeded to provide 5 pmm. at Station #3. Since
we have a peak concentration of 5 ppm. arriving at Station #2
frem Sta-’oion # in the form of useable toxicant prism, it will
" be nacessary to add only the quantity of chamical calcunlated by
subtra&tmg tha améxmt arriving at Statien #2 {Col. B) from ths
total amount needed (Col. 13, Sta. #2). D - B = 147.51 = 120,96 =
26.55 ouncés of rotenoxe per hour rust be introduced at Station #2
for one hour to reinforce the passing toxicant priam so thal it
will deliver a minimm psak concentration of 5 ppm. at Station #2.
In a similar mamer, the Columm E wvalus i3 calculated for
all remaining stations. For Station #3, it is obssrved that

without considsring the approaching prism, 172.80 cunces

rotenone/hour would be raquired (Col. D). However, fron Colum B,

Station #3, it is obserwved that 138.2L ocunces of uszabla

e
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1 ST
chemical'"/ is arriving in the approaching prism; so D - B =
172.80 - 138.2L = 3;.56 ounces rotencns per hour is nesedsd at
Station #3 to reinforce the passing prism. In sumery then,

Table 2 values are darived as follows:

Station #1
Colum A: matered flow in cfs. » 5
B: (5 pmm.)(efs.)(3.456) 86.1
C: 8alt conductivity test 70%
D: x = B/C 123.43
E: at Station #1 =D 123.43
Station #2 |
Colurm A: metered flow in cfs. T.
B: (5 ppm.)(cfs.)(3.456) 120.96
C: from salt conductivity test 824
D: x = B/C Wy7.51
E: D-B (147.51 - 120.96) 26.55

ALL DOWNSTRSAM STATIONS:
As shown for Station #2
To 'acccanplish‘ the required 1 ppm. introduction for an additional

5 hours, calculate 1/5 of the E colum value for that station and introduce

this quantity of chemical each hour for 5 hours,

}_/ The author is aware that more than 138 ounces of chemical can be expectad
to arrive from Station #2. It is reasonable to assume that virtually all of
the chemical introducsed upstream (123.43 at Station #l and 26.55 oz. at

Station #2) or 149.98 ounces will eventually flow past Station #3. However,
the usedble portion of this total quantity includss only ths amount of toxirant
included in that portion of the prism with a lethal concentration of 1 pmm, or

greatar.
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ATPTHYGT] CALGULATIONS (Zwarmles) _

As noted in the éection on toxicant selection, Hﬁen water terperatures
are near or below 60°F., antimycin must be used in place of rotenone as a
fish toxdcant.,

At present, three formulations of antimycin are available--Fintrol - Sy
Fintrol - 15 (both sand formulations), and Fintrol Concentrate.

Fintrol Concentrate, the liquid formulation has been shown to be of
practical value in stream sitqations.

Each unit of Fintrol Concentrate consists of hSO‘milliliters of liquid
of vhich 103 is antimycin and is prepared\by the project bioiogist by mixing
210 11, of Fintrol (48 grams of Antimycin A in 240 ml. of acetone) with
2o m1, diluent (diépersing agents dissolved in acetone).

Basic application rates are determined bj the formula:

ml. Fintrol Concentrate/hour = (cfs.)(ppb. desired), since

1 ml./hr.

Trom salt=-conductivity test, expected dilution rates of applied chemical

2/
1 ppb. in 1 cfs.”

n

concentrations cdn be defined as described earlier.

Problems involvéd in saturéting the streams stored water reservoir were
discussed in the section on chemical prisms and were soived'fér rotenone
application by maintaining a reservoir of excess chamical in the forward
portion of th; prism.

A similar approach using antimycin would involve introducing sufficient
antimrein at each station to establish a peak concentration in the forward
portion of the prism equal to 5 times the desired minimum cohcentraﬁion of

the following nrism.

2/

= Jreatment of one acre foot of water at 1 ppb. requires 12.3 ml. TFintrol
Concentrate, A 1 cfs. flow delivers 0.0826 acre ft./hour; hence 1.016 ml, of
Fintrol Concentrate (12.3 x 0.0826G) per hour is required to treat 1 cfs. at 1 rrb.
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The format providgci in Table 2 is applicable to an’c.i.ﬁycin and the reader
is referred to the section "TOXICANT CAICUIATIONS (ROTENONE )" for a discussionl
of the principles involved.

Very briefly, antimyein calculations for the same stream used in the
rotenone example would be, assuming a 50 ppb. peak followed by 10 pob. for
9 hours were desired:

Station #1

Column A: &5 cfs.

Colum B: ml. antimycin/hr. at 50 ppb. = (S0 ppb.)(5 cfs.) = 250 ml.

Column C: 70 percent retention .

Column Dt x = B/C; x = 250/.79; x = 357 ml. antimycin

Column BE: 357 ml. antimycin/he. for first hour i‘olloﬁe'd by 1/5 of that

amount, or 71l.h ml./hr. for 9 consecutive hours. |
Station #2

Colunn A: 7 cfs.

Column B: ml. antimycin/hr. at 50 ppb. = (50 ppb.)(7 cfs.) = 350 ml.

Column C: 82 percent retention

Colurm D: x = B/C‘; x = 350/.62; x = ;27 ml. antimy;:in

Column E: D - B = L427 - 350 = 77 ml. of anbimycin/hr. for the first

hour followed by 1%.4 ml./hr, for 9 consecutive hours.
Station i3 yields a toxicant requirement of 100 ml, antimycin/hr. for one hour
followed by 9 consecutive hours of 20 ml,/hr.
Station i required 167 ml./hr. followed by 9 hours of 33.L4 ml./hr.
Station 5 is 90 ml./hr. followed by 9 hours of introduction at the rate

of 18 ri./hr.
TOXTICANT CAICUTATIONS INVOLVING MAJOR TRIBUTARIES

The format presented in Table 2 is completed for each major tributary

ezactly as ouvlined in the above section.
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The Column B value for the terminal station on the tributafy will
estimate the amount of useable toxicant entering the main stream, and this
value, along with the useable chemical arriving frem further up the main
stream must be considered in toxicent calculations for the main. strean station.
located immediately above the mouth of the tributary.

For example, referring to Taﬁle 2, assume that it represents the main
stream and that immediately downstream from Station #i, a major tributary
entered. Also assume that for this tributary, calculations similar to those
for the main stream revealed a finai C;lumn B value for the ifibuta:y of
21.5 ounces of rotenone. Thus we expect a useable quantity of 21.5 ounces ofy
rotenone to join the main stream and reinforce the main stream prism just
below Station #4. For Station #4, we have previously calculafed (Col. E,
Table 2) that 57.6 ounces/hour must be added to compensate for predicied loss
downs££eam. Considerafion of contributions from the tributary ﬁbuld reduca
this value by 21.5 ounces giving a new column E value for Station # of
36.1 ounces/hour.

Note that only the Column E value for the main stream station immediately
above the mouth of the tributary is affected. No other values require alteration.

Tributaries with flow values Jess than 103 of the main stream which they

join may be considered minor tributaries at the option of the project biologist.

TOXICANT CALCULATIONS INVOLVING MIJOR TRIBUTARIES

Minor tributaries with similar characteristics need not be examined in
detail using salt-conductivity procedures. Their final contribution of useable
toxicant to the main stream is relatively insignificant and it is only necessary
to add sufficient toxicant to provide ths necessary kill. One or more Tepresen~
tative small iributaries should be examined to provide time and dilution data

that could be applied to the other tributzrigsr——
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Tabla 1. Tempefatnre fa}:togs for use in correcting resistance and
conductance -to 77 F.

x Factors x Factors
%F. Resist. Cond. °F. Rosist. Ceed,
38 .58l 1.711 62 .830 1,208
39 594 1.683 63 840 1.190
10 60 1.657 6 .852 1.7
B .613 1.631 65 862 1.160
12 .623 1.606 66 873 ©1.8
L3 .633 1.580 e 8 1.131
I 643 1.555 68 Bk 2.118
L5 653 1.532 69 -.906 - 1.104
16 663 1.509 70 L © 1.090
W o - .673 1.1,86 71 930 1.075
L8 .683 1.L6L 72 o2 1,062
L9 .693 L0443 73 - .95h " 1.048
50 .70k 1121 h 967 1.02)
51 ' .71& 1.100 53 978 1.023
52 ' 725 1.380 76 .988 1,031
53 33 1.361 77 1,000 1.000
5l s 1.3 78 1.001 0.5%9
55 756 1.323 79 1.024 0.977
56 766 1.308 80 1.035 0.956
57 776 1.288 1 Lok  0.93%
58 .787 1.271 82 1.058 0.945
59 7197 1.25h 83 1,070 0.935
60 .808 1.237 8L 1,081 0.925
61 .819 1.221° . 85 1,092 0.916

Adapted from L. A. Richards, The Diagnosis and Inprovemsnt of Saline and
Alkali Soils, U. S, Dept. of Apriculture. Repional Salinitv Iab.. 19L7
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Table 3.

A. Quantities of antimycin required to give desired concentrations
in off-stream ponds or backwaters.

Milliliters Fintrol Concentrate Grams Fintrol-S

Acre feet ' required to treat (1% antizyein by weight)
standing water : .at 1 ppb. required to ylald 1 ppb.

.5 ' 6.0 ‘ 63.5

1.0 12.3 . 127.0

2.0 2.6 254.0

3.0 36.9 \ 381.0

4.0 - 19.2 S 508.0

5.0 | 61.5 635.0

10.0 |  123.0 1,270.0

B. Quantities of rotenonza required to give des:_red concentra»ions
in off-stream ponds or backwaters.

Acre feet of ' Gallons of rotenora (5%) to treat at

standing water 1 prm. 2 prm. 3 ppam. L ppa. 5 pom,
.5 17 33 . .50 .68 .85

1.0 «33 . .66 1.C0 1.33 .66

2.0 66 1.33 2,00 2.6} 3.30

3.0 1.00 2,00 3.00 1.CO 5.00

1.0 1.33 2.66 k.CO 5.3 6.60

5.0 1.66 - 3.30 5.00 6.60 8.30

10.0 3.30 6.60 10,00 13.20 | 16.50
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Table ;. Quantities of KMhOL required to give desired concantrations
in off-stream ponds or backwaters. '

Acre Feet Pounds KMn0), Required to Treat at

Standing Water ¢ 1 ppm. 2 prm. 3 ppa. i prm. 5 pra.

.5 . 1.37 2.73 .11 5.47 6.8)
1.0 ;2,73 5.6 8.19  10.92 13.65
2.0 : S.46 1092 16.38 218, 27.30.
3.0 . T 16.38 2h.57 32.76 1,0.95
hoO : 10.92 218 .76 1,3.68 51,60
5.0 : 13.65 27.30  10.95 54,60  68.25
10.0 D273 5).,60 81.90  109.20  135.50

B Y e e
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C Figure 3. _‘A'Effect of short tracer introduction on |
downstream prism dimensions.
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