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INTRODUCTION

The Montana Department of Fish and Game is attempting to identify the streéam re-
source maintenance flows needed by aguatic fife. This information is needed fo astablish
water reservations under the 1973 Montana Water Use Act and aid in the evaluation of
sroposed future diversions. Physical data nesded fo determine these nseds include velo
gities, water depths, and channel characteristics at various flows. These interreiated factors
can be determined by actual field measurements at many flows, which are time conIuMIng
and often impossible, or can be computed using the WSP (Water Surface Profils} compuier
program and one set of field measurements.

DESCRIPTION OF THE WSP PROGHAM

The WSP Program i5 a computer adaptation of the Bureau of Reclamation’s (hereafter

" called the Bureau] Watsr Surface Profile Computation Methed B, The WSF Program was
written 1o computerize computations nesessary 1o determine tailwater and backwater eleva-
tions. These are the water surface slevations below dams and control structures anc above
FRESTVLTS.

WSP is adaptable to instream applications. The program allows the users, after sufficient
figld work, to predict and/or study various changes In stream characteristics at many differant
flows without having to make numerous field observations st thess flows. The program {model)
is calibrated to a specific siream saction using one of two observed flows, the corresponding
water surface slevations, and chennel profile dats at varicus locations, or transacts, in a stream
saction. The characteristics of the stream determine the number of transects needed to obiain
data on various types of aguatic habitat being measured, and channel configuration determines
the number of elevation measurements needsd sfong @ transect. A minimum of four transects
are needed 1o properly describe the stream for use in the WSP Program.

The predicted values from the program are within the accuracy of the fiald dats, ia.,
if water surface slevations are measured within + 0.7 foot, the predicted watar surface gigvations
at other Hovws wiil be within + 0.7 foot

The computer program utilizes “Manning's equation’ to predict hydraulic values at sach
of the streamflows requested. Manning's equation is

Yo 149 B¥3 gvz

where V = velocity, R = hydraulic radius, § = slope, and n is & roughness cosfficient.

FIELD DATA REQUIREMENTS

Field date needed for input to the WSP Program comprise a physical deserintionr of the
stream section bsing investigated. The quality of this deta determinas the accuracy of the com-
puted resuits. The data requirements for the program inciude:



1. Map or aerial photograph showing stream section being studied and trensect locations
in that section.

2. Elevation data at sach fransect

3. Distance between transecis.

4 Measured flow in cubic feet per second (cfs).

5. Water surface elevation 8t each transect at the measured flow.

6. Photographs of the stream reach and each transect

7. Description of the type of streambed materials along each transect {sand, gravel,

cobbles. boulders, muclk, ste}

8. identification of points where the type of streambed materials change along a transect.

8 Description of bank and overbank material and vegetation (trees, brush, grass, logs,
etc.) at each transect.




FIELD METHODS

Equipment
Transit or lovel Current metar
Stadiz or Philadelphia Hod Wading Bod
Messuring iape calibrated in fest
and 1710 foot Head set
Survey stekss Stop watch
Enginesr’s fisld notebook Discharge Measuremant Notes
Hip hoots or waders Slide rule or pocket calculator {optional)
Camers Sxe or hatchet
marking peneil nails

Pigking a Location

Hahitat Condition

Bick 2 stream study reach which contains the type of habitat you want to study, such
as for spawning, rearing, passage, etc. The types of habitat you measurg should reflect the
seasonal requirements of the species you ars most concernad about. Mark the location of
shass habitat transacts with survey stakes. [t is & good ides to mark the water's edge with
a stake as you establish your transect.

Flow Control Points

Transects must be established across all flow contral points (riffies, rapids, iog jams,
channel constrictions} sven though you may not wWant any habitet information on them.

The farthest downstream transect must be at a flow control point. The farthest upstream
transect coan be at any location,

Stations should be numbered from downstream to upstream as shown in Figurs 1.
Banchmarks

Establish 2 benchmark, or elsvation reference point, &t the downstream end of the siudy
reach. 1§ a surveyed benchmark {mesn sea lsvel slevation marker? i3 not svailable near the
study reach, you can use sn arbitrary, or “ntanned,” slevation, such es 1,000 feet, a5 2 beginning
point and relate all other elevations 1o the planned slevation. Establish = banchmark by using
a survey stake, or & large spike or metal rod fasiened to a8 painted metal disc and driving it
into the ground. Mark another object which can be readily seen nesr the benchmark with
spray paint so the benchmark can be sasily relocsted. Benchmarks can also be gstablishad by
driving a nail into a tres, marking a spot O @ bridge abutment, etc., 1.8., using a point which
is not likely to be disturbed or moved,
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fdaking the Messuremenis

USE GOOD SURVEYING TECHNIQUES!

An important point 10 consider when taking field dats is 1o be consistent in the manner
i which dats is collected and recordad.  Transect measurements should originate from the
ssme side of the stream, if possible. Right and left streambanks are alwa; specified as though
you are looking downsiraan.

Transects can be measured in any order @ long & the glpyation dats is submitied 1o
BuRec in the proper order. Data should be submitted in order beginning with transect 1
and continuing upstream 1o the uppermost transect

bt nient to determine benchmark elevations at each of the other transects

you will have to make your own adiustments. Just be sure to kesp your field data giraight.

Seream Discharge

Water surface elevations at all transects must be recorded at the time stream discharge
is determined. One way o do this is to steke The water's edgs at all transects and then
make a discharge messurement., Transect measuremsnts can then be made later, and if the
stream discharge increases or decreasss slightly the water's edoe at the measured discharge can
stil! be determined from the position of the stakes. it is best 1o do your surveying during the
fime when streamflow is stable and wadeabls, because flow messurament is more difficult
during periods of increasing or decreasing flow.

fiske a discharge measurement near the downstream lransest al a go ¢ messuring site.
If possible, take another discharge measurement near the upstream transact 1o verify the earliar
discharge. Discharge measurements should be made according to methods recommended by
the U.5. Geological Survey. Figure 2 15 an sxample of a completad Department of Figh and
Game Discharge Measurement Nots form.

Eguinment Setup

After you heve established benchmarks, BM, at ail habitat and control fransects you arg
ready 1o make elevation measurements. Set up and level the instrument [transit or level)
at @ point where you have a clear view of all or most of the transect. Be sure to set the
tripod on firm ground, On snow-coversd ground, dig down to solid ground and set the ripod
iegs on it. This will preciude instrument settling during the survey which could introduce
errovs into your surveyed slevation data.

i the distance bei
sranseet from the same instrument location ss long a8 the rod can ba

n wanssots is less than 50 faet, you can measurs more than one
5 and read. However,

; the other transects if you
hegin at transect 1 and work upstream. Howaver, fisld conditions often precluds this, ang -



Loy 10U Justisnsesw sbieyssip pee|diod o sjdewy °Z aunbrg et T A A (A fh Wy

... had bl i ik ® ! whob %&.&Q vpfd Ly biwo ppagd won A
[ . | _ * o BT ST ARy DIRE 40 M
R shY
a7
o Cigf#
378 e LR R S | & Sl Akl it b
ﬂ;&é . IR 7 P g Y E A %é_%@m s ARG T pIYe
ﬂb%@a %md ﬁﬁ %% @.@W w§§§_% &%ﬁ»_@ %%%@ggg %&m%% W g%@&%ﬁ @%@ ﬁ%%@% ﬁw%mﬂe 5
3 n a7 |\ [STE J PSR e byt ey s agsd
N Lh IR Q9% @@ JOEEYLY Epig %% e g 2 R £
eh7 98 &) TEE o T %@@ ey %%& AN FELDTY sseron seuasm onent
ire Lh shl T ECE ,E% | | h
AL s AN kR g i€ g %@@@%ﬁw@% e | .ﬁ%% i e ,@W%w W AVaf e
g&ﬁssﬁ nh mww @Mmm %&%%Keﬁ%% D Y AR R G B e vy T e
/ N ik w@, 2 %@%,% . &M@i&w??wggwﬁ ,, gm
ﬁmmim Mﬂ W.W B WAL PVY zﬁ% %% BAJF Wi uonostsnos) (ou Supnmeei 39 SU0mpus
E E _,
Hi g1 oh ey ThHE @ g Xﬁ 4 G mueyo
L ihias| sk b2 T D U ey
§T'L phltah 5 N A biL B ¥R
/e hlas| 91 5Bl
e AR NG o
"z % 9" 8y A ]
31 IR IEEIREE FE7 0 Fp5 cweswam |PIO| e .
57 B | $T &g o oud G @ g PG e ay SONIOVEY 2DV
i woiigh|ae| [ & S SR ey ey a
5 LR T [ a'b PEFON woouty ion TG weson g vowsn T PEH w
amwme& ) b 5 m@.? Gf p %5 A HOE G onmen Py odiA | sy
sh R & A LT wo T ena TR At Bhigh vy FULE
Mﬁ“‘ﬁ. Fol L9 3 .MM Q\MW G ) %&%%%&m? BRI 7 TR £ A
¢ ey %MM @M.H ? o w e \W “M P éw% wk% @ ?M%%ew% %@\m&g %%a%%& h f%,% g g uees
o empng | wy A o | ma wﬂw ‘Wmm i xwﬁ P ﬁwu‘ WW DL T B DY &Q% AVFU HBFA) Admg] e
“ MW powaipy | aloomas | T 4 ; wq owng 3 yorg

YR BRATRE

P SHLON LHIMBMOSYIN IDHYHISW
& 04 o oy oy e w oy # sunum 5 padag




for transect distances greater than 50 feei, the instrument should be moved 1o the next
transect. This procedurs helps avoid arrers in reading the rod and subseguently in the elevation
gata.

Mote: B0 fest is an arbitrary distance. The intent here i3 o insure best sccuracy and
promote good surveving technigues. Judgment will be required by the invastigator in some
situgtions.

On wadeable streams, atiach the measuring tape 8t the beginning of the transect {transect
station (H00) by attaching the end of the tape to & small nail driven into the top of the wooden
survey stake or to the metsl rod, or spike which has been driven into the ground at the be-
ginning of the transact. This method reduces manpower needs by allowing the rod man 10
also measure the distance of each slevation measurement slong the transect as he crosses the
channel. On larger, unwadeable streams a tape will not be Tessible uniess used from a boal
In this situation, you can sisc use the stadia hairs in a transit to measure distances along the
transect {see pags

Surveving Mechenics

This section describes & fleld situation vou may experisnce and will smrve 25 2 guide
to the mechanics of making transect measurements. Refer to Figures 3 and 4 in this dis-
cussion.

Transecy 1 has been estabiished across 2 streamn channel The fotal bn of the transsct
is 90.9 feet between points A and N (Figure 3). Elovation measurements in this exampie
begin from the left sireambank. To determine the alevations between points A and N,
it is necessary to 6t up the level several times such as at B, D, M, and to establish inter-
mediate points such 28 C, E, L, ete. These are the conditions commonly met with in practies,
g will serve 2 an illustration of the general methods of direct loveling (from DeGroot 1954).

Lot the elevation of point A be assumsd as 1,000.00 feet. This is the “'planned” eleva
tion. The level is first set up at point B so that a rod held at A will be visible through the
telescope. The rsading of the rod is found to be 0.50 feet. The height of instrument, ab-
breviated H.I., is found by adding this reading to the slevation of point A. Thus H.L = 7.000.00
+ 050 = 1,000.50 fast. Since the rod reading at A is tsken by dirgcting the line of sight
back toward the start of the iine, it is calied a backsight reading, or simply & backsight, and
is ahbraviated B.S. A better definition of a backsight, however, is 8 rod reading which is
taken on & point of known slevation to find the height of instrument, .5, Since 2 bhacksight
is usually added to the slevation of the point on which the rod is heid, a backsight is often
catled a plus sight, writen +8

After the H.1. has bean determined by 3 backsight on A, 8 point U is sslecied which
will aliow a rod reading to be made and a reading is tsken on & rod held st C. If this
reading is 12.32 feet, the point € is 12.32 fest beiow tha line of sight, and the elevation of
Cis 1.000.50 ~ 12.32 = 988.18 feet. This reading is called a forssight reading, or foresight,
and is abbreviated F.8. A foresight is taken on a peoint of unknown elevation in order tc
determine that slevation from the height of instrument. Since the reading for a foresight &
subtracted from the height of instrument to get the elevation of the point on which the rod
is held, a foresight is sometimes calied a minus sight and is writien —35.




JOEES

L E

W

o 4 LB

A R

aE™
g

H

MO WDiE

ButAgaing 108suRE IO solueueR o aanbing

o, (OO0 G

MOLIIBSIE S O Jepnompe
o din 385 B0 PINOUS SPUBIRIIEUL

;@E@
spsodand uonensng sop ae wesbep

SIL LD SUOHEOOE JUBLIMNIISU]  BION

[ gL IISNTY,

£O60

61840 m
(% IR SYo+0 2640 GEP @j B0

G iy OO0 OIS



R | _ . L |
TS S Do b gt ; ;
IR P : ST n
L bt
RO 5 0 R T L DA Y 0% SRS s G .

m

R
: L
SRERENN
- ;
i H _M m
1 H
i

%&%@ Em&mm%& a0} ggw%m% & Gl

1965URLL JO UOISIAR S Joiebisarul s MO}

P i 0 LS

WOOUAIOU piay § esuibus i saue Jo sjduexy cp sanbig

. tog-rd °
[ in st SRS N £E-ONAVEDS
— ;:aai‘mewwmmwmw,>>; -
,,,,,,,,, g @% — - S S
S S— wwwwmoaﬁw B e et <) =
. ff. %WMwa%m.ww,;; - .
jgihwxﬁﬁﬁyﬂﬁﬁw ;;;xw%a% m%m%ﬁw ~ T 7 -
I N =2 7 . /A R
TN IR T R | B R R -

S Newramw | T
R > S S . VETidde

 elidaiCRIA Vs Fe

B S L
R = & S Y] ne R R

TS LL f@%&% R R LT3 2

Vi sy HTE L FEh D
po] PN BET | ST sk o
g | yo240

, Rl A4 R I
w BTEEL LA 1 N FAOA

e T RS e o Lo W N
| I S I R ¢

W [ — -
- for L7 FEAFAN T OO0 (YORLELS
T g paanid b PO BpoaTy ad " g 1 g

o ARl gy

» s s gz "y

.



While the rodman remains at £, the mstrument 15 moved to [ and set up, but not so
low that the line of sight wili go under the bottom of the rod when it is again held at T.
After the mstrument b raleveled, the reading 0.82 s taken a3 a backsight to point ©, and the
Mozt [ is SRR I8 + (.87 = GRO.00 fest. When this reading is taken, it is important that
the rod should be held on exactly the same point that was used for the foresight when the
instrument was at B, The point £ on which the rod is held should be some stable object,
so that the rod ean be removed and put back in the same place as many times a3 may be
necessary. For this purpose, a sharp-pointed rock, or a well-defined projection on some per-
manent object, is preferable, but if nothing better is available, a stake or peg can be driven
firmly in the ground and the rod held on top of it. Such a point as €, on which both a

foresight and a backsight are taken, is called a turning point, abbreviated T.P.

Wher, the FL1 at [ is known, another point, B, is chosen and a foresight of 4.44 feet
is obtained. Then the elevation of E is 989.00 — 4.44 = 484.56 feet.

. Since points E through L are gll along the line of sight from point 0, elevations can ali
be read from point [, Each of these point elevations is determined by subtracting the rod
reading from 989,00 feet, which is the H.L af point . Points M and N are aoove the line
of sight from point . Therefore, the instrument must be moved to a higher focation and
another turning point {M] established. The instrument s moved 1o point M and releveled,
Then the backsight on L is 10.52 feet. The new H.L 2t M s 887.17 + 10.52 = 287.63 fest.
The foresight to N is 4.62 feet and the slevation of N is 997.63 — 4.62 = 993.01 feet. Since
point N is the other end of the transect, it is established as another benchmark, BM. In-
stead of moving the instrument 1o point M, it could slso have been moved back to point B,

as long as the rod held at points L and N was in the line of sight and could be read.

Each of the backsights, instrument heights, front sights, and point slevations is recorded
in the field notebook as shown in Figure 4 it is important o record sach type of rod reading
in the proper column; Le. backsight under B8, ete. Utherwise, elevation data cannot be
calculsted correctly.

The following method of checking field notes affords a2 reliable check on the elevations
of turning points and heights of instrument, which in 2 general way is & check on the line
of lavels 2s 3 whole, since all other elavations are determined from them. The method is
based on the fact that ail the backsights sre additive or (+) guantities and all the foresighis
are subtractive or {—] guantities. Therefore, if the sum of ail the backsights in 2 line of
ievels, or any portion of it, is added 1o the elevation of the starting point, and from this
sum all of the foresights on turning points in the same portion are subtracted, the remainder
is the last height of instrument or the slevation of the last turning point, depending upon whether
the last sight is a backsight or a foresight. Thus in our example, the sum of ail backsights
is 11.84, the sum of ail foresights at tumning points is 18.83, and the beginning slevation is
1,000.00 feet. Thus 1,000.00 + 11.84 — 1883 = 993.07 feet, the glevation at point N, it
is important to inglude only the forssights st turning points, not those »t intermediale points,
in these calculations. The checking procedure can be done at the bottom of the field notes.

The difference in slevetion from the BM of one ransect to the BM of the next wansect
must be determined so vou have a starting point elevation at sach transect, and so all transects
are tied together by elevation. These slevations are used in computing the energy slope of the
stream reach, Flevetion differences hetwesn Transects can be deltermined by selling the instrument



up at a location where both the orecading transect BM and the next transect BM upstream

can be seen. For example, place the rod at transect 1 BM {1,000.00 feet slevation) and take

a rod reading or backsight  Add this reading 1o 1,000.00 to determine the H.i. Then take

a4 rod shot at transect 2 BM {foresight} and subtract the reading from the #.1. This is the
slevation of the starting point for transect 2. For example, if the elevation of BM 1 s 1,000.00
feet the backsight to BM 1 is 7.28, and the foresight fo BM Z is 4.38 fest, the elevation of

BM 2 is 1.000.00 + 7.2 — 438 = 1,00297 feet

The elevation to BM 3 is determined in the same manner exdept you can use the eleva-
tion of BM 2 (1,002.91) as the beginning elevation, Also, any tme there is not a ling of sight
hetween two benchmarks or the distance s too great to read the rod, vou will have to establish
one or more intermediate benchmarks, or turning points, to reach the next transect BM and
find its slevalion.

I time permits the best check on your elevation dats i3 to run & “level loop” from vour
jast transect BM back 1o the beginning elevation i the stutly section {such as 1,000.00}
Vou do this in the same ranner a5 you Hed the transects togsthér, Le., continue to establish -
turning points untl you reach the bLeginning elevation. if vou began with an elevation of
1,0090.00 vou should end up at elevation 1,000.00 at your starting point. If you do not, & mis-
take has heen made. In running & level loop, do not retum aiong the same ling vou went up,
The diagram below illustrates how to run a fevel loon.




The principal sources of srror in leveling are (1) defects in the instrument, {2) failure to
properiy level the instrument, {3) fallure of the rod man to hoid the rod ntumb, {4) mistakes
in reading the rod, and (5} improperly recording the rod readings or recording them in the
wrong columns.

For purposes of the WSP, all rod readings should be read to hundrediths of a foot and
glevations calgulated to tenths of a fool

An exampie of how to read a Philadeiphia rod is shown below. The number 4 on the
rod will be in the color red. Al other numbers are black. When the hairfing falls midway
between the graduations the number may be rounded either up or down. When it falls other
than midway betwsen graduations the reading should be rounded tw the graduation nearest
the hairline,

o AT Each angled gradustion repressnts 8 whole
number, e, 4.0 =2 tenth, ie. 470, or 3
hundesdth, Le. 4.05, and sllows sasier reading

- 3.9 of the rod.

When using an instrument with stadia hairs for leveling, be sure and make the foresight
reading with the center hairline, not the top of botiom hairline.

if you use stadia to make your distance messuremants the procedure is a8 Toliows:
Read the point slevation of the rod with the center hairline, Then set the botfom huaie-
line on an sven foot mark by adjusting the levei of the telescope up or down. Make a rod
reading with the bottom hair and the top halr. Subtract the bottom reading from the top
reading and multiply the difference by 100, For example, if the bottom hairline s set on
4.00 fee? and the top hasirline reads 4.92 on the rod, the distance from the instrument 0 the
rod is 497 — 4.00 = 0.92 x 100 = 92 feet. Note: [t is not & reguiremnent 1o put the
hottom hairline on an evan foot mark, but it is more convenient and accurate to do so.

Most instruments have 2 stadia constant of 1.0, which means for each 1.00 foot
difference betwsen the top and bottom heirlines the distance s 100 fest I an instrument does
not have a stadia constant of 1.0, the differsnce in rod readings would have to be multiplied
by the constant x 100. For example, if the stadia constant is 0.99, the distance in the prs
vious example wouid be .92 — 4.00 = .92 x 0.99 x 100 = 91.08 feet.

Be sure and relovel the telescope before taking the next ievel shot if you use the stadis
a5 described above.
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aciat Considerations

Clevation shots need not be made along the transsct at reguiar intervals, but only where
changes in channel configuration occur. A flat channe! will not recuire 28 many measurements
as an irregular channel, but the deepest part of the channel {thaiweg} should be located.

if you are interested in flood flows, it is useful to determine sglevations of high water
marks and include them in the transect elevation data. This will give another set of elevations
1o firm up the field data and to heip determine the proper energy slope of the stream reach
under study. However, i you are not concamed with flood flows which leave the main strgam
channe! vou need only confine vour messurerments to the portion of the channel where the
flows of interest will occur. However, it is convenient o measure from the top of one bank
1o the fop of the other for dats ploltling purposes.

Alwavs take a shot at water’s edge on both banks and mark these on the field notes
s W.E. left, and W.E. rignt (sse Figure 4). If rod readings at both water’s edge are differ-
ent, the cross section has not been taken perpendicular to the flow or an error has been mads,

Measure distance between transects along ling of flow or along the thalweg [deepast
part of the channell. If a meander occurs between two lransscts, maesasure insicde and ocutside
distances plus the thalweg distance & shown Delow,




i a bridge is included in the stream reach, three transecls must be made: one at the
bridge site, one 50 feet upstream and one 50 feet downstrearm from the bridge. A bridge
normally acts as a flow control point.

If log jams or debris dams occur in the study reach, transects should be taken sbove
and below these areas, since they will provide some form of flow control for at least part
of the study reach. Submit a photo of the log or debris dams or bridya,

When an istand is included in a reach, transects must be taken upstream and downstream
from the island and where the channels sround the island begin and end (shown in the figure
helow as transects 1, 2, 4 and B). As many other Uransecls may be made across the sland

2y

as desired by the investipator {such s transect 3 in the figure below).

e ol w e 3 .
O+ 84 . 2+ 65 ETE1~

A transsct soross an siand shouid begin and end at the sames water surfece elevation,
These elevations will not necessarily be on the same line. For example, at each transect in-
the figure ahove, points A, B, C, and D are all st the seme water surface elevation, Elevae
tion readings must be made across the island to tie the two perts of the transect togethar,
ie., part AB must be tled to part CD, forming a continuous transect

Swreambed Meterials

As you meke elevation messurements along 3 transect, be sure to note where stream-
bed materials {bottom types) changs. This is important in determining roughness cosfficients,



n, for each transect segment.  To assist in determining bottom types, the following materiai

sizes should be described:

Bedrock — large mass of solid rock

Boulders — rocks over 12 inches in diametey

Cobbles (rubbie) — rocks 3.0 to 11.9 inches in diameter

Gravel - rocks 0.7 to 2.8 inches in diameter

Sand, silt, clay ~ particles less than 0.7 inches in diameisr

Vegetation — describe Type {weeds, moss, etc.) and thickness of mat above streambed

ataterials should be described in survey notes as gravel, or gravei-sand, or rubble-gravel-sand, etc.
Be sure and describe the types of materials found generally at the transect site, not just those
iving benesth the fransect line. Also note location and point of change of bottom types

glong the transect

.............. PP PPN ?f@ﬁ%@% ﬁ%gé&%{}g} e

As you are surveying a transect, it is important 10 aote which portions of the transect
are of most importance o you. The WEP Program oulput can give you specific data on up
10 nine (9) separate segments of a trensect. For example, if the center half of the transect
i the most suitable for brown trout spawning, and this is what you are interested in, you
can request program output data for the nine segments & shown below (therg 5 no sense

coliecting data on less imporiant parts of the transect).

e —
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Mivision of the transect can be done by marking your plotted cross-section at the desired
sransect distances as shown in Figure 5. The Bureau will segment the output data from the
transect distance you indicate. This division of the transect doss not have to be done in the
field ie., point slevations do not have to be made at the divisions you sslect. However, it
is important to make field notes on the portions of the transect you will later wani specific
data on (see Figure 4). By reducing the width of each segment, you <an relzte welocitias and
depths more specifically to the criteria for the species. Yelocities predicted by WSP for each
segment at different flows are averages based on botlom types {roughness coefficients), the
energy slope, transect configuration and stream section. oy rachicing the width of sach segment
vou narrow the range of the pradicied average velocity snd can rsiste it more precissly 1o the
biological requirements of the fish.

A photo should be taken across each transsct, preferably from both directions. Either
eolor-or black and white photos are acceptable.  Photos showing overall views of the stream
veach should also be tsken, These photos should be submitted to the Bureau with the
wransect data and will be used by them to help interpret field data you submit. A conveniant
way to submit photos is 1o attach them to the plotted cross-section sheet for each transect.

Figure 4 shows how fisld notes should be completed. Columns T through 4
are completed in the field. Column 5 i completed from the dats in columns 1 through 4.
Column 6 can be usad for showing water's adge, remarks, etc. The facing grid shest can be
used to describe bottom types. Also use the grid sheet for any notes or sketches necessary
10 describe the stream section or transect lavout, how vou made the measuraments, or how
you want the transects divided in the computer oulput analysis.

OFFICE METHODS

Processing the Fleig Data

Plotting Transect Data

Whan field dats collection is completed, slevation data from individual transects shioasid
be plotted by the investigator on cross-section paper. The scale used is not particulerly important,
nut should be large enough to sllow easy interpretation. Horizontal andd vartios! seales do neot
necessarily have to be the same. The plotted data shouid show iocetion oF bottom typss along
the transect, tvpes of vegetation on the overbank, and identify left and right streambanks
{ses Figure Bl
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Submission of Date 1o the Dursau

The package of data which should be submitted 1o BuBRec includes:

Photocopies of original field survey notes

Plotted cross sections

Photos of transects and overview of stream reach

A map or aerial photo of stream reach with transects located on it
Streamn discharge measurement nolss

Name and phons number of the investigator

4

e S

3
Z
3
5
&

I g, g, i, e,
gt

Again, ali data and photos should be submitted in order beginning with transect 1. Also,
he sure to specify the segments of the transects you want specific data on.

........... Compuiar Analysis. o

After data is received at the Bureau, it is readied for keypunching and procassing through
the computer. An edit routine is used to check the keypunched data for errors. Foughness
cosflicients are determined from the field observations and photographs.  An ensergy slope is
determined from the stresmbed thalweg and observed water surface elevations. Thase observed
water surface elevations must be correlated to one speafic streamflow as previously mentioned,
The WSP Program processes the data from the most downstream transect through the most
upstream transect

The computer output for the observed flow is sxamined to determine if predicted water
surface slevations match observed values. I nacessary, adiustments are made in roughness
coefficients, transects, and station distances 1o bring predicted values within + 0.7 foot of
the observed values. After these adjustments have been made, a saries of flows that includes
a probable low flow and a flood fiow (if desired) are set up. This series of flows is combined
with the observed flow and transect gats and run on WEP,

if vou have specific flows you would [ike t© have run through the program, You may
request them when vou submit the dats o the Bursay. Otherwise the Bursau will run varicus
fiows through WSP based on gage records of comparabls data.

Available cutput from the WSP Program includes specific data for sach franssct and summary
tables of data for all flows run. Output includes transect measurements, main channae! distances,
water surface elevations, main channel discharges, flow velocities across the fransest, roughnes
coetficients, tractive force {amount of force exerted upon stream hotiom), SONVeYanoe 2r8as
and widths, and hvdraulic radii.  Examples of program output summary tables are shown in
Appendix A

From the output datz the Bureau will plot a water surface srofile showing water surface
elevations, streambed thalweg, and transect locations by station for sech discharge (Figure 14},
and a rating curve for the most downstream transect {Figure 15), The investigator piots,
the predicted water surface slevations on the praviously plottad cross-section for sach transect
{Figure 16}

The computer output data and ail data submitied by the investigator are retumed to the
investigator for analysis, and for recommendations & o the required stream resource maintenance
fow.

Analvsis of Data section to be added.

-18
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APPENDIX A

Examples of WSP Program Output Summary Tables
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APPENDIX A

Examples of WSP Program Output Summary Tabias



APPENDIX B

interim Streamfiow Criteria for Agquatic Life

To be added



