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SfREJl!'l l~Aa i UVS,rroRYArID CHA;i EL SfABILI1Y EVAlJ.JATI G. J

Channe Z evaZuations are best made during periods of Loia f Zow.

Pur~ose : These procedur es were developed to s ysteeize eeas ­
ur ements and eva luations of the res is tive capacity of eoun tain
stre~ channe ls t o t he detacheen t of bed and bank e a t erials
and t o pr OVide i nforcation about the capacity of streacs to
adjust and r e c over f r oe potential chang es in flow and /or i n­
creases in sediment pr oduc t i on.

Us e s : The i nforma t i on may be gathered at a "point" fo r
projec ts such as bridge s ites , c~pground , etc. , o r i n
co~plete channe l analyses fo r f isheries, t i mber managemen t
wa t e r ba l an ce or multipl e use i nv en t orie s and planning .

' St r e am reaches may be s trati f ied by order an d geol ogi c t ype
and sampled to an i n t ens i ty t hat mee t s survey requirements .
"Poi n t " as used he re always means a r each of s ufficient
l ength to provide t he obser ver wi t h a range of information
on which to b~se a soun d selection froe av a i lable alternat­
t i ve s.

Inst ruc t i ons : The card f ormat of R- I Form 2500-SA and t his
pocke t field gui debook are de s igne d to be used together - i n
the f ie l d . Use a separate rating card for each length of -­
stream t hat appears s imilar. I den t i f y t he reach on Card Form
2500-SA , on map s and/or ph ot os in s uff icien t detail so others
ca n l ocate the s ame r each a t some f ut ur e t i me.

The i nv entory ite~s ar e comple t ed us i ng ma~s , aerial photos
and field observation s and meas urements . Ci rc l e al l estimated
data items that coul d be me as ur ed but we ren ' t . The precision
of measurements will be di c t a t e d by t he requirements of the
pa r ticul ar i nventory. These s t and ards s ho uld be clearl y i n
mind wh en t he work begins.

1
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The evaluation p or t i on of t he inventory requires judgement
based on experience and the criteria outlined in this
booklet. The condition descriptions, briefly explained on
t he tally form, are amplified in more detail in the pages
t hat follow. As you begin the evaluation phase of the inven­
tory , a few words of caution are in order. Avoid keying
i n on a single i n di c a t o r or a small group of indicators in
making ratings. Since the indicators are interrelated, _don't
dwell on anyone item f or long. If all are used without b i as ,
t he maximum diagnostic value can be ob t a i n e d . Do t he best
you can . Experience has shown that over and underratings
tend to balance out. Total rating scores made -b y inexperienced
persons are often numerically close to the scores of those
with mo r e experience.

Kee p i n mind that each item directly or indirect l y is des igned
to answer three ba s i c questions:

1 . Wha t are t he magnitudes of t h e hydraulic forces at
wor k to detach and transpor t t he v a r i ou s o r ganic and
i norganic bank and cha nn e l components ?

2 . How resistent are these c omponents to t he recent
stream flow forces exerted on them?

3. Wha t is t he capaci t y of the stream to adjust and
recover from potential c hanges in f l ow v o l ume and /or
increases in sediment pr odu c t i on?

,
The channel and adjacent f l o od plain banks are subjective l y
rated , item b y item, fo llowing an on-the-ground ins pe ction .
Circle only one of the numbers in p a r enthe s e s for each
item rated. I f actual cond itions fall somewhere between

- t he conditions as described, cross out the number given
and below it wr i t e in an intermediate val u e Which better
expresses t he situat ion as y ou see it.

NOTE: Channels aut to bedroak are al~ays rated EXae l l ent.

2
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DEFINITI ON OF TE~~S AND ILLUSTRATIONS

Upoe r Bank - That portion of the topographi c cross section
from the break in t he genera l s l ope of t he surrounding land
t o the normal high wat er l ine . Terrestrial pl ants and
an i mal s no~ally inhabit this area .

Lower Banks - The in t ermi t t en tly s ubmerged porti on of t he
channel cross se c t ion f r om t he normal high water line to
t he water 's edge during the summe r low flow per iod .

Channe l Bo t tom - The submerged portion of t he channe l cross
section whi ch is t otally an aqua t i c environment .

Upper
B.nk

__ Ex treme H i lhW.ter Lin e _

____No rm.l HilhW. ter Li ne _

St ream St age - The height of water i n t he chan nel a t t he
t ime of r at ing i s r ecor ded, usi ng numbers I through 5.
These numbers , as shown beloW, relate to t he surf ac e water
elevation relat ive to the no~l high wate r line . A decimal
division shou l d be us ed to more pr ecisely define condi tions,
i. e ., 3 .5 means 3/4ths of th e channe l banks are unde r
water at the t ime of r ating .

Flooding . The f l ood
plain i s comp l et e ly
cover ed.

4- High . Channel f ull t o t he
normal hi gh water line.

-~~-~_~ -,~~>--3= Modera t e . Bottom and 1/ 2 of
lower banks wet t ed •

• ~~:....- 2'" Low. Bottom covered but ve ry
little of t he lower banks wet .

1= "Dry" . Es s ent iall y no flow . Wa t e r
may stand in bottom depressions .

3
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. KEY CARD FOR FIELD FORM 2500-SA

Upper Ba.,k.

Lower Bank.

Bouom

ltea Rated

Landform Slope 1

Mass Wasting or Failure 2
(existing or potential )

. Debris Jam Potential.
3(Floatable Ob.iecU; ) -

Vegetative Bank 4
Protection

-
Channel Capa.city 5

Bank Rock Content 6

Obstructions
Flow Deflectors 7

Sediment Traps

Cutting 8

Deposition 9

Rock Angularity 10

Brightness 11

Consolidation or 12Particle Packi~

Bottom Size Distribution and 13. Percent Stable Material.s

Scour·ing and
14Deposition

Cl inging Aquatic
Vegetation 15

(Moss and Algae )

4
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R-l STR~AM REACH INVENTORY and CHA NNEL STABILI TY EVALUATION
REACH 1JJCATI9!' Survey Date /) - I:?,-Z:i' Timellf30 Obs , D.R.-/, .5. - D. P.

Forest.-Bn9 ~fUJ~ Rgr . Dist ._p.L.!u.....tu;.J.+~y'-- _
r Ii '- P .W .I.

Stream rern LLl:!:::.& wls No• .h.-~-1JQ...-<l!L-.23..-Qi.-N.' -12L
Reach Descr i pt ion & • " . 1 Anid.fo
Other I den t i fica t ion R..d eMs,,,, Sec. a to "'1IC1.U~W1 62.79-/91

Add va l ue s 1 0 each column a nd record I n space s below. Add c o lumn scores .
E~+ G.U,.+ F .k-+ P •.o..- = 5~ _ Total Reach Score.

Ad ,ject i ve rat ings .< J8=Exce lle nt . Q9- i038P 77- 1149>a i r . 115+=Poor'"
*(Scores above may be local l y ad,jus t e y Fores t Hydrolog i s t )

RI -Form Z500- 5A Rev .I - 75 Side 1 .

li.ey I s cao i 1 t Y 1.00 1ca tors OY C a s ses l J'!"a lr a nd Poo r- on reverse s Ide
# E:XCE:LLENT GOOD
I Ba nk s lope gradient < 10% . ( Z) Ba nk slope gradient 10-'IQ;I', . ( 4 )

No ev idence o f past or any

CD
I nfreque nt and/or very small .

( 6)2 potential for future mass Mostly healed ove r . Low
was t i IU! int o channel. f uture vote nt ia!,

3 E:ss e ntially a bsen t from
( Z)

Present but mostly s mal l 0iM~ediate c hannel area . t wigs a nd 1 t abs ,
9 0%+ plant dens i t y . Vi gor

G>
70-90% dens i ty . Fewer pl a nt

4 and var i ety su~~ests a spec ies or lower v i go r ( 6 )
d e ep , d e nao , 80 11 b indi ng , sug-~es ts a less dense or
root mas s . deen roo t maGs ..
Ampl e fo r present plus some Adequa t e . Ove r ban k fl ows c5 i.ncreases ill Peak flo ws c on- ( 1 ) r a r e. Wid t h t o Depth (wiD)
t.a i ned , WD ratio < 7 . ratio 8 to l ~ .
65%+ wi t h lar ge , angular

(Z)
40 to 65%. mostly s"all @6 boulders 12"+ numerous . boulders to cobbles 6- lZ" ..

Rocks and ol d logs f i rmly Some pr esent , causing erosive
c

e mbedded . Flow pa t.t ern With- ([) cross curre nts and mi nor pool•
7 out cut ting or depos i t i on . 2 filling . Obs truct ions and (4)

~ Pools and r i f f l e s stabl e . deflectors newer and l e s s.. f irm .
~
e Litt le or none ev irl ~n t. Some , intermi t ten t ly a t

lIS8 I nf r eque nt r aw banks l es s ( 4 ) outcur ves and cons trictio ns .
than 6" h i e:h e:eneraJlv. Raw banks mav be UP t o 12" .
Li t tle or no enlargeme nt

@
Some ne w incr ease in bar

Q of channel or point. bars . formatio n , mostly fro m ( 8)
coarse &Tave) s

10 Sharp edges and corner s .
( 1)

Rounded co rners and edges . <Dplane s ur f a ce s r-ouahened , surf aces SMooth a nd fla t .

11 S1Jrfac~s du l l . darke ned . or ( 1) Mostly dul l , but may have up Gs tained Cen . not " br i ght " . t o 1~% br i gh t surface s .

12 As sorted s i ze s t i"htly e Moderately packed with (4 )Packed a nd/or overlanoi n~ . some overlaoping ,
E No c h:"inf?:e i n s izes ev ident . G) Dist r ibution s hift s l i gh t .

(8 )e 13
Stable ma t e r ials 80 - 100%. Stable materials 50-80% .

e Less t ha n 5% of the bottom 5- )0% affected . Sc our at
14 a f f ected by soour i ng a nd o c o ns t;r ; c +.; ons ? nd whe rp (1 Z)

'i p.~.,. it.i on , grades s t eeeen, SOJfle
tipPO~ i t. Lon i n poo l s . --- --Abu ndant . Gr owt.h l argely Common . Al e-a l forms in low

@rs t1o~~-l ike . da rk gre en . per- (1 ) ve locity & poo l areas . Mos s
e nni al . In swi f t wa t e r too . here t oo ana swi fte r \.late rs .

I'XCELLENT COLll~l N TOTAL " 2.."1 GOOD COLUMN TOTAL - 2?c.=.:..,

=

co

5
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I NVENTORY DATA. ( observed or Ilea s ured on this date ) Side 2

Streall W i d th~ft .X A ve . De Pth~ft .X Ave. ve l oc i t~/s-~FlOW cfs
Reach St r ea m Tur bidity Strea m Sinuosity~

Gr a d i pn t .!J.j. Order~. Le vel low • sta«e l.....l2 .3) Ra t io~.
Te"Pera~lIre A i r~ J

of or C o f : Ja t er& ., o thers p ll 7.2 J c....J'¢TlUtCe If'ififl1bos
1cJ.Je...Qu41...J.., ~Ie. Boffle #: 3'1

•

=
c
•

Key f-- Stab ility I nd i cators bY Clas s e s
--L~ ____ _ FAIR _ _ _ __,POO"",~'-'.R'7-=;r:-_ _ r-;",,,,-1

I Ba nk s l o ne orrad i en t 40-60%. L6~ Bank slo Pe "radient 60%+ . ( 8 )
f'l octp.ra t e f r eq ue ncy- &- s i z e , . Fr eq ue nt or large . caus i""ng

2 wi t.h s o me r a w s po t s e roded (9) s ed i ment near ly yearl ong OR ( 12)
b v wa t.eE~riM h igh_f J o ws . imm.i ne nt da~F_£L-s~..r:",e+' _ _ t-_ _ 1

~ 3 Pre s e nt, vo l uMe a nd si ze ( 6) Moderate to heavy allou nts , ( 8 )
~ I-_+"a.;;r"e. _~t!LJ.~.~M . ~~omJ-nant lv lare:er si zes .
'" 50- 70% density . Lower v i.go r- <50% d e nsity plus f e wer

::> 4 a nd still fe wer H!",,, ieg ( 9) s pec ies & less v i p;or indi - ( 12 )
f orm a s omewha t s hallow a nd ca t e poor , d iscon~ inuous .

d i s c o n t i nuou s r oo t f'l3 S S . a nd s hallo w r OI) t mas s .

(4 )

--
( Ii)

-

(8 )

( 16 )

(16 )

(4)

(4)

(8)

( 16 )

(24)

(4)

0

13 Mode r a t e change in s i zes . ( 12 ) Har ked d istri bu t i o n ch~nge .

Stab l e mat e rials 20- ';();O; . Stabl e mat er i a l."s,-,,0,..- .=2=;:.0%".• .,-,-- -1f----I
30-50% affected . Depos i t s More t hao 50% of the bo t.t.o a

14 &< scour a t obstructions , ( 18 ) in a s tate of fl u x or
corst.r i c t i.ona , a nd be nds . chang e nearl y y ea rlo ng .
So ",., fi 11 i Ill< of pooLs ,
Pre~ent but spo t ty , ~ostly Perennial t y pes sca r ce or

15 in t~ckwater area~ . Sea son- ( J) absent. Yel l ow- green, shor t
a ] b loom~ make r()ck s 5 1 i ck , t.erm bloom ma,v be flr ese nt ..

~'A TR COW~N. TOTAL "';;'~ POOR COLUMN '1'()TAL~
S ,ze Com s l tlon of Bottom Mater ials To tal to 10 ) L-~-J

1 . Expos ed bedrock ~ 5 . Small rubble , 3" " ..3lL.%
2 . Large bou lders , 3' + Dia --5:....% 6 . Coar s e gravel , 1" - } ...2S::5'
J . Small bo ulders , 1- } · ..J.f2..J> 7 . F ine grave l , 0 . 1-1 " ....2.QJ"
4. Large rUbble , 6" - 12" .l!2.J. 8 . Sa nd , silt , cla y , nuck .....I....%

10 Corners &< edges we ll r o u nd - (3 ) We ll rounded 1" a ll d illle n-
ad in t wo di mens i ons . g i cns s urfac e s smooth ..

1 1 MixturP. . 5O:~0% dull a~ (3 ) Predominantely bri ght , 6 ;;%+,
br i.e;h t ±. 1');» ie . 1';-6'1;00. e xpos ed or scoured surfaces .

12 Mostly a loos e a s s ortllent (6 ) No packing ev i dent . Loose
with no atl= r e nt over-Ian , assor tment ea.s i Jv moYed .

s
o

~..
~
e

....l

Mod era t e depos it ion o f ne w Ex t e ns ive deposi t s o f pre -
9 gravel.le c oarse s a nd on ( 12 ) dominant l y f ine par ticles .

old and some new bars . Accelerated bar deve Iooe ent. ,

Ba r e l y contains present I nadequa t e. Over-bank f lows
5 pe~ks . Occassional overhank ( J) c Ollmon . Wi D ratio > 25 .

I-_ +:f",l:<,o,"o""o,,,s._.;"/D r a tio 15_! 2..?5.. ~--:;,' __uH_ •• - - - ---t- -
6 20 to 4 , with mos t. i n (6) < 2v;» roc k, fragment.s of

1-_ + 7.t "h'7e J -6" diame ter cl a ss . ", I£rave l sizes , 1-3" or less .
,; Mod e r a t e l y f requent , moder - Fre quent o bstruc tions a nd
: ate ly unstable o bs t r u c t i ons deflectors cause bank e ro-

"'" 7 '" d e fl ec tors move wLt.h high ( 6 ) s ion yearlong . Sed ille n ~
water caue Lns; hank cuttino; traps full , Channel
a nd f il.~Jng of prlols . Plin-ation occur.r j 1!~ +-_-l
Si#?:nificant . Cu t s 12 " - 24" Aloos t. co nt i nuo us c uts ,

8 hi gh . Root mat overha""" ( 12 ) s ome over 24 " high . ji'ail -
and sl ouzh i "" ev i de nt . ur e of overnanas f req uent .

6
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Amplification of the Stream Channel Evaluation Items

General

Space on t he f i e l d form permits only the very briefest
description of the various co~ponents. This field booklet
provides , in the text whi ch follows, some of the basic
rationale in support of these brief "kernels " or core
t houghts. These explanations are arranged in t he same order
as t he y appear on t he f ield f orm .

The channel cross section is subdivided into three components,
to focus your attention on the various indicators to be subjec­
tively evaluated. Once again, you are caut ioned not to "key in"
on anyone i tem or group of items. All that have been included
are interralated and all must be used in an unbiased way to
achieve consistent evaluations of the current situation .

Stream channel ratings should not be attempted without
the preparation prOVided by this Field Guide. The language

. of the text has been kept rather general ·t o avoid limiting
its use as a management tool to a small geographic area.
These general descriptions, coupled with your local exper­
ience , will sti~ulate mental images of indicator conditions
which , when shared with fellow workers , will lead to consis­
tent, reproducible ratings.

I llustrations in t he text should be considered general in nature
and not specific f or all s ituations. It is suggested that local
condit ions be pho t ogr aphe d and the pictures added to t his ,Fi e l d
Guide to achieve local uniformity.

A wor d of additional caution : Keep t he scale of t he reat h being
evaluated in context wi th t he scale of dim ensions given in t he
text and on t he inventory form. Rating items were taylored for
an d best fit t he 2nd to 4t h order s tream reaches . Ve ry small,
unb r anched , fi r s t order segments will require a scaling down
of s izes whi l e the l ar ge r stream and river reaches will require
some mental enlargement of the cri ter ia given to f i t t he s ituation.

STREAU ORDER CLASSIFICATION

First order s=r eams are unbranched reaches found usually
but not exc l us i ve l y at the head. of drainage basins . Second
order r eaches are formed when P..JO or more firs t order
r eaches come together and so on as illustrated below .
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1. Uppe r Channe l Banks

Appendix 5.

100

80

The land area i=mediate l y adjacent to t he s~ .c am channel is
no rma l l y and t ypi cal l y a t e r r es t r i a l environment . Landf orms
vary f r om wide, fla t , a l luvia l flood plains t o t he
narrow , steep t e rmi ni of moun t ain s l ope s. Inte~t tently t hi s
dry l an d f l ood plain becomes a par t of t he water course . Forces
of ve loci t y a, d t urbulence t ea r a t t he vegetation and land .
These hydrologic f orces, ~~ile r el ati ve l y sh ort l ived , have
great potential f or producing OQsit e en iar geeent s of t he s tream
ch anne l and downs t r eam sedimentation damage . Resis tance of t be
co:ponent e le=ents on and in t he bank are hiah l y va r i ab le. This
section is des igned to ai d in r a ting t his r e la t i ve r es i st ence
to detac~~'t ~,d t r ans por t by f l oods .

A. Land form Slope: The steepnes s of t he l and adjacen t t o the
s t r eam channel de t e rcines t he l a t er a l exten t and ease t o
which banks can be eroded and t he potential volu:e of
s l ou gh whic h can en ter t he water. All other fac t ors being
equal, t he steepe r t he land adj acent t o t he st r eam, t he
grea t er t he poten tial vc.luee of s lough eeeeer.ats . ~ 100

The 60% limit f or poor was se l ect ed as a conse rvat ive
gr avi t a t i ona l r epos e angl e for unconso l i da t ed soi l
mat erials . Slope s s teeper t han this a r e rat ed poo r I
because t hey would erode into t he s t ream by graVi t y
a l one . if denuded of t he ir pr ot ec ting vegetation. 'I'he ......: 8 0
eeo e r r atings buil t on t hi s licit and are arbitrar i l y /" II
se t as fo llows :

Fai r: Side s l opes t o 60% ccraracn on one or bo th banks.

Poor : Steep s l opes, ove r 60%, provfde l arger vol umes 40
of so i l fo r downst r e am sedi ment a t i on fo r each incre-
ment of l ater al bank cu t t1n~.

I
60~

~
'0 r---.-

I.

2 .

3.

4.

Exce l l en t : Side slope s t o t he channel
less t han 30 per cent on both banks .

Good: Side slopes up t o 40% on one or
bo th banks .

are ge~erally~,
I

60
occasiona l ly /"'1

20

1
_

__....J I

PERCEiII' SY)?E SCALE
HoW t nis page at C-""l:S ter.gth. •match the s tepe of t r.e to pcgrc:pr.;t
wi t n t he percent stepe l ines on t he sca ta abcve.

8
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B. Mas s Wasting Haza r d This rat i ng involves existing or
potent i al detachment f r om t he soil mantle and downs l ope
movement i n t o ~aterway s of relatively lar ge pieces of
gr ound . Mas s movement of banks by slumping or sliding
introduces large vo l umes of soil and debris i nto the
channe l s uddenly , caus i ng constr i ctions or complete
damming follo~ed by increased stream flow ve l oci t i e s ,
cu t ting ~ower and sedimen t a t ion r ates. Condi t ions
deteriorate L~ this e lement with proxi~ty , fr equency
and size of t he mass wasting areas and with pr ogr es s i ve ly
poorer i n t e rna l drainage and s t ee per t e r r ai n :

1. Excellent : There is no evidence of mass wasting that
has or could reach the stream channel.

2. Good: There is evidence of i nfrequent and/or very
small s l umps . Those t hat exi st may oc cas i ona l ly be
"rev" but pred ominately t he areas ar e r evegetated
and re latively s tab l e .

3. Fair : Frequency and/ or magnitude of the mas s ~asting

s i t ua tion increas es to the poin t where normal high wa t er
aggrevates t he problem of channe l changes and subsequent
undercutting of unstabl e ar ea s with inc r eas ed s edimen­
tation .

4. Poor : Mass was t ing is not di f ficult t o detect becaus e
of t he frequency and/o r size of exist ing problem areas
or the pr oximity of banks are s o close t o potent i al
sides tha t any i ncreases in the flow woul d cu t the t oe
and t r ig ~er sli des of s i gni ficant size to cau s e down­
stream water qua lity prob l ems for a nunbe r of years .

«.\:W .U r.g o~ .olopeA dVc.ec.tl.y .t.11:to t he .& tJteam c.hann el .
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C. Debris J~ Potent i a l Float able obj ects are depos ited on
stream banks by man and as a na tural process of fores t
ecology . By far , t he bul k ot this debris is na t ural in
orig in. Tree trunks , l1chs . rwigs , and leaves r eachi ng
the -channe l for= t he bulk of t he obstructions, f l ow de flec­
t ors, and sedi ment t r aps to be r ated be low . This i~ventory

item assess t he po tential fo r incr easing these impe~imen ts

t o the natural di r ection and f or ce of flow where tney now
lay . I t also incl udes the possibility of -c r ea t ing new
debris j ams unde r ce rtain flew conditions .

1 . Excel l ent : Debri s may be present on t he banks , bu t
i s s o si t ua ted or is of such a size, t ha t t he s t r eam
i s no t able t o push or float it into t he channel and,
t herefore, f or a l l inten ts and purposes , i t 15 abs en t .
In truth, t here may be none phys ically present. Bo~~

situati ons are r ated t he same.

2. Good: The debris present of f e r s so~ ba~ protecti on
fo r a while bu t 1s s~ll enough t o be floa t ed ayay in
t i me . Only smal l j~ could be formed wi th t his material
alone .

3 . Fai r : the r e is a noti ceable accu=ul at i on of a l l sizes
and t he s t r eam is large enough t o floa t i t ~ay, at
ce rtain times, thus decreasing the b ~~k pr otecti on and
adding t o the debr i s j.a:l pot ential dcvns t r eam,

4. Poor : Moderate to heavy accumula t i ons ar e pr esent due
to fires , insect at t ack , disease mo r tal i ty, ~ind throw ,

or l ogging s l as h . High f lows will f loat some debr is
away and t he remaind er will cau se channel changes .

10
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D. Vegetative Bank Protection: The soil in banks is held in
place largely by plant roots. Riparian plants have almost
unlimited ~ater for both cro~ and root development. Their
root mats generally increase in density ~th proximity to
the open channel. Trees and shrubs generally have deeper
root systems than grasses and forbs. Roots seldom extend
far into the ~ater table, however, and near the shore of
lakes and streams they may be comparatively shallo~ rooted .
Some species are, therefore, subject to windthr~.

In addition to the benefits of the root mat in stabilizing
the banks , the stems help to reduce the velocity of flood
fl~s. Turbulence is generated by stems in ~hat may have
been laminar flo~. The seriousness of this energy release
depends on the density of both overs tory and understory
vegetation. The greater the density of both, the more
resistence displayed. Damage from turbulence is greatest
at the periphery and diminishes ~ith distance from the
normal channel. Other factors to consider, in addition to
the density of stems, are the varieties of vegetation, the
vigor of gr~th and the reproduction processes. Vegetal
variety is more desirable than a monotypic plant community.
Young plants, growing an~ reproducing vigorously, are better
than old , decadent stands :

1. Excellent: Trees, shrubs, grass and forbs combined
cover more than 90 perce~t of the ground. Openings in
this nearly complete cover are small and evenly dispersed.
A variety of species and age classes are represented.
Gr~th is vigorous and reproduction of species in both
t he under- and over-story is proceeding at a rate to
insure continued ground cover conditions. A deep,
dense root mat is inferred.

2. Good: Plants cover 70 to 90 percent of the ground .
Shrub species are more prevalent than trees. Openings
in the tree canopy are larger t han the space resulting
from the loss of a single mature individual . While the
growth vigor is generally good for all species, advanced
reproduction may be sparse or lacking entirely. A deep
root mat is not continuous and more serious erosive
incursions are possible in t he openings.

3. Fair: Plant cover ranges from 50 to 70 percent. Lack
o f vigor is evident in some individuals and/or species .
Seedling reproduction is nil. This condition ranked
fair, based mostly on the percent of the area not
covered by vegetation with a deep root mat potential
and less on the kind of plants that make up the over­
story.

4. Poor: Less than 50 percent of the ground is covered.
Trees are essentially absent. Shrubs largely exist
in scattered clumps. Growth and reproduction vigor
is generally poor. Root mats discontinuous and
shall=.

11
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I I . La.1er Channel Banks

Appendix S.

The channel zone is located between t he normal h igh water· and
low water lines. Both aquatic and terrestrial plants may
grow h e r e but normally their density is sparse.

The lower channel ban ks define t he present stream wi d th .
Stability of t hese channel banks is i ndica ted unde r a
g i ven f low reg im e n b y min or and almost impe r c e p t ab l e changes
i n channel width from ye a r to ye a r. I n other words , encroach­
ment of the water environment into t he land environment is nil.

Und e r conditions of increasing channel flow, the banks may
we ake n and both cutting (bank encroachment ) ~,d deposition
( bank extension ) begin, u s ually at bends and poi nts of con­
stric tion . Cut ting is evidenced by steepening of the lower
banks. Eventually t he banks are undercut , followed by cracking
and slumping . Deposition beh i nd rocks or bank pr o t r u s i ons
increase in length and depth.

As the channel is wid en e d , i t may also· be deepened to
accomodate t he inc re ased v o l ume of f l ow. For convenience
on l y, changes o f channel b o t toms are observed s e parately
and last in t his evaluation scheme .

A. Channel Capacity: Channel width, depth, gradient , and
roughness determine the volume of water which can be
transmit ted. Over time channel capacity h as adjusted
to t he size of wa t e r shed a bov e t he reach rated , to
climate , and to c hanges of v ege ta t ion . Some indica t or s
of change are widening and/o r deepeni ng of t h e ch annel
whi ch affects t he ratio of wid th to depth. w~en t he
capacity is exceeded , de posits of soil are f ound on
t he banks and organic debris may be f ound hung up i n
t he bank v ege t a ti on . These are expres s i on s o f t he
mos t recent f lood event . I ndicators of c onditions a s
recent as a ye a r or t wo ago may be difficult or impo s s ible
to fin d, but do y ou r best to es t i mat e wha t norma l pe ak f lows
are and whe the r t h e p r es e n t cross se c t i on i s adeq ua te to
hand le t he load without bank deterioration.

1. Excellen~: Cross sect ional area is a mple f o r presen t
peak volumes p lus sone additional , i f needed . Over ­
ba~~ floods are rare. Wi dth t o de pth rati o less t h an
7; L e. , ( 36' wi de ~ 6' deep = 6.).

2. Good : Ade qua t e cross sect i onal a rea con t ains nos t
peak flows. Wid th to · depth ratio 8 to 15 .

12 ·
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3. Fair: Channel barely contains t he peak runoff in
average years or less. Wi d t h to depth ratios range
from 15 to 25.

4. Poor: Channel capacity generally inadequate.
bank floods quite common as indicated by kind
condition of the bank plants and the position
acc~ulation of debris. Wi d t h to depth ratio
more.

Over­
and
and
25 or

B. Bank Rock Content: Examination of the materials that
make up the channel bank will reveal the relative
resistence of this component to detachment b y flow forces.
Since the banks are perennially and intermittently both
aquatic and terrestrial environments, these sites are
harsh for most plants that make up both types. Ve ge­
tation is, therefore, generally lacking and it is the
volume, size and s hape of the rock component which pri­
marily determine the resistence to flow forces.

A soil pit need not be dug. Surface r o ck ~~d exposed
cut banks will enable y ou to categorize this item as
listed by percentage ranges on the field form .

1. Excellent: Rock makes up 65 % or more of the volume
of the banks. Wi t h i n t his rock matrix large,
angular boulders 12 " ( on their largest axis) are
numerous.

2. Good: Banks 40-65 % rock which are mostly small
boulders and cobble ranging in size from 6-12"
mean diameter. Some may be rounded while others
are angular.

3. Fair: 20-40 % of bank volume rock. ~~ile some big
rock may be present, mos t fall into the 3-6"
diameter class .

4. Poor: Less than 20 % rock fragments , mostly of
gravel sizes 1-3" i n diameter.

13



Fisheries Stream Survey Manual Appendix S.

C. Obs t ruc t ions and Flow Def lec tors: Objects wi thin the
stream channel , l ike large r ocks, embe dded logs, bridge
pili ngs , etc., change t he di rection of flow and s ome­
times t he ve locity as well . Obs t r uct i ons may pr oduce
advers e s t ab ili t y e f fects when t hey i n cr e ase t he ve l ocity
and def lect t he flow i n t o unstable and unprotected banks
and across unstable bo t t om ma t erial s . They als o may pro­
duce f av or ab l e i mpacts when veloci t y is decreased by
t urbulence and pools are fo~ed.

Sedi ment Tr a ps: Channel obstructions whi ch da m t he flow
partly or whol ly fo rm poo ls or slack water areas . The
pools lower t he ch~~nel gr ad i en t . With this loss of
energy the sediment transport power is greately reduced.
Coarse par t i c l e s drop out first at t he he ad of the po dl .
Some or all of t he fine suspended particles may carry
on thr ough .

Embedded l ogs and large boulders can produce ve ry stable
natural dams whi ch do not add to channel instability .
Some debris dams and beaver dams, however, are quite U3­

s table and only serve to increase the severity of cha~~el

damage when t he y break up .

The effectiveness of these sediment traps depends on poo l
l e ngth relat i ve t o entrance ve l oc i ty . The swi f ter t he
current, t he l onger t he pool nee de d t o reach ze r o ve l oci ty .
Tur bulence caus ed by a falls a t the he ad o f t he pool
s hortens t he l ength requ i red t o r each zero ve l ocity .

now l ong t hese t r aps are ef fect i ve depends on dep t h and
wid t h as well as poo l length and , of course , t he rate of
sediment accretion.

I t ems of vegetat i on growing i n t he wa t er, l i ke alde r s ,
wi llows , cattails, reeds, and s ed ges are a lso e f fe cti v e
t raps in some locat ions and reduce f low veloci ty and
sediment carrying power .

"Peon" .
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C. Obstructions and Flow Deflectors (Continued)

1. Excellent: Logs, rocks, and other obstructions to
flow are firmly embedded and produce a pattern of
flow which does not erode t he banks and bottom or
cause sediment buildups. Poolriffle relationship
stable .

2 . Good : Obstructions to flow and sediment traps are
present, causing cross currents which create some
minor bank and bottom erosion. Some of the obstruc­
tions are newer, not firmly embedded and move to
new locations during high flows. Some sediment is
trapped in pools decreasing their capacity.

3 . Fair: Moderately frequent and quite often unstable
obstructions, cause noticeable seasonal erosion of
the channel. Considerable sediment accumulates be­
hind obstructions.

4. Poor: Obstructions and traps so frequent they are
intervisible, often unstab le to movement and cause
a continual shift of sediments at all seasons. Since
traps are filled as soon as formed, the channel migrates
and widens.

.~\)·~1f~fE!:(2~~
. .-:'..

~1.. ...
Same. ioc.a.tion a.o ./llwwn on page 14, blLt £.oolU.rtg up./lbteam.
OO./lbtuctWn .u.lze. :th-<../> c.ould bec.orne :the YILLCle.u../> 06 a debW jam.
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Cutting and Depos ition are concomcitten t pr oces s es . You
can 't have one wi thou t t he other. Howeve r , it i s ' possible
for each to be taking pl ace i n differ ent r eaches of the s ame
stream at t he sane time , and hence t he separati on for cl as,s i­
fication purposes which follows .

D. Cutting: One of the first signs of channe l degradation
woul d be a l oss of aq uatic ve ge ta t i on by s courin g or
uprooting. Some channels are na t ur a lly devoid of aqua ti c
plan t s and here t he first stages would'be an i ncreas e in
the steepness of the chann e l banks. Beginning ne ar the
t op , and later extending i n serious cases to the t otal
depth, the lower channel bank becomes a near ve r t i ca l wall.

I f plant r oots bind t he surface horizon of t he adj a cent
uppe r bank into a cohesive mass, undercut ting will fo l low.
Thi s process continues un til the weight of overhang
caus es t he sod t o crack and s ubsequently s l ump into
the channe l . Different i a l horizontal compaction and
texture coul d also r es ul t in undercut banks even wi th
an absence of vegetative cove r . The r e are some l oo sely
consolidated ba nks that wi th or wi thout ve ge t a t i on a re
literally nibb led away, never dev e l oping much, i f any,
overhang .

1. Excellent: Very little or no cutting i s eVi den t .
Raw, erodi ng banks are i nfrequent , s ho rt and pre­
dOI:linately l es s t han 6" high .

2. Good : Some intermitte n t cut t i ng alon g ch anne l out­
curves an d a t prominent cons tr ictions. Er oded areas
are e qui va lent in length t o ~ne channe l width or less
and t he ver tical cuts a re predominately l ess than 12".

3. Fair: Sign i f icant bank cu t t i ng occurs f r equen tly
i n the r each . Raw ver tical banks 12" to 24" high are
prevalent as ar e root mat ove r hangs and slough ing.

4 . Poor: Nearly cont inuous bank cut t i n g. Some reaches
~ ver t i cal cu t faces over 2 feet high . Unde r cu t t ing ,
sod- r oot overhangs and vertical side failures may also
be frequent in t he r a t ed reach .
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E. Deposition : Lower bank channel areas are gen e r a l ly the
steeper portions of the wetted peri meter and may
be r ather narrow strips of land t hat offer s light oppor­
t unity for depos ition. Exceptions to t his statement
abound s ince deposition is often noted on the lea side
of large rocks and l og deflectors whi ch form natural
jetties. However, these deposits tend to be s hor t and
narrow. On t he less steep, lower banks, depos ition during
recession from peak flows can be qu i t e large . The ap pear­
ance of sand and gravel bars whe re t hey did not previously

. exist may be one of t he f i r st signs of upstream erosion .
These bars tend to grow, primarily in depth and length,
with continued watershed disturbance (s ) . Wi dt h changes
are in a shoreward direction as overflow dep os i t i on takes
place on the uppe r banks . Dimens i ona l depos i t i on " growt h"
is li~ted by the size and orientation of t he obst r uctions
t o f low along t he ch ann e l banks, f low velocit y and a con­

. t i nui ng upstr eam sediment supply .

Deposition may also occur on the inside radii of bends,
parti cularly if active cutting is taking place on the
opposi t e s hore . Also, deposits are found below cons t r ic­
t i ons or where t he r e is a s udden flattening of stream
gradient as occurs upstream above geologic nic poin ts .

1. Excellent :
silt, sand
reaches or
reaches .

Very l i t t l e or no deposit ion of fresh
or gravel in channel bars i n s traight
po i n t bars on t he i ns ide banks of curved

2. Good : Some f r esh depos i t s on bar s and behi nd ob s t r uc­
t ions . Sizes tend to be predomin a t ely from t he larger
size classes - coar s e g=avels .

3. Fair: Deposits of fresh , coarse s ands and gr ave ls
observed with mod e r a t e f= eq uency . Bars ar e en larging
and pool s are fill ing so r i f fle a reas p r edomina t e.

4. Poor: Extensive deposits of predomi nat el y fr esh ,
fine s ands , some s i l ts, and small gravels. Acceler­
a ted bar development common . Stor age areas are now
f ull and sedi ments are moving even dur i ng low flow
pe r i ods .
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III. Channel Bottom

Appendix S.

Water flows over the channel bottom nearly all of the time
in perennial streams. It is, therefore, almost totally an
aquatic environment, composed of inorganic rock constituents
found in an infinite variety of kinds, shapes, and ·s i zes .
It is also a complex biological community of plant and
animal life. This latter component is more difficult to
discern and may in fact, at times and places, be totally
lacking.

Both components, by their appearance alone and in combination,
offer clues to the stability of the stream bottom. They are
arbitrarily separated and individually rated for convenience
and emphasis during the evaluation process . Because of the
high reliance on the visual sense, inventory work is best
accomplished during the low flow season and when the water
is free of suspended or dissolved substances. If ratings
must be made in high flow periods, sounds of movement may
be the only clue as to the state of flux on the bottom.

A. Angularity: Rocks from stratified, metamorphic form­
ations break out and work their way into channels as
angular fragments that resist tumbling. Their sharp
corners and edges wear and are rounded in time, but
they resist t he tumbling motion. These angular rocks
pack together well and may orient themselves like
shingles (imbricated). In this configuration they are
resistant to detachment.

In contrast, igneous rocks often produce fragments that
round up quickly, pack poorly and are easily detached
and moved downstream.

Excellent to Poor ratings relate to the amount of round­
ing exhibited and, secondarily, the smoothness or polish
the surfaces have achieved. Some rocks never do smooth
up in the natural environment, but most round up in time .
Both conditions, of course, are relative within the
inherent capability 'of the respective rock types .

Angular 18
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B. Brightness : Rocks in mo t Lon " ga the r no moss " , algae
or stain ei t her . They becoI:le polished by f requen t
tumbling and, as a general rule, appear brighter in
t heir chroma values t han s imilar rocks which have
remained stationary . The degree of staining and vege­
tative grawths relate also to water teI:lperature, seasons,
nu trient levels , etc. I n some areas a "bri ght" r ock will
be "dulled" in a mat ter of weeks or mont hs . I n another
it may take yea r s t o achieve t he same results. Never­
t hel ess , even s light changes duri ng t he spring runoff
should be de t e c t ab l e during t he next s·ummer's s urvey .
Look f i r s t f or chan ges in t he sands and gravels .

1. Excellent: Less than 5% of t he total bottom should
be bright , newly polished and exposed surfaces.
Mos t will be covered by growths or a f i lm of organic
stain. Stains may also be from minerals dissolved
in the water .

2. Good: 5 to 35% of the bottom appears brighter,
~ of which may be on the larger rock sizes.

3. Fair : About a SO-SO mixture of bright and dull
wi th a 15% leeway in either direction (i.e., a
range of from 35 to 65% bright materials ).

4 . Poor : Bright , freshly exposed rock s urfaces pr e­
dominate wi th two-thirds or more of t he bottom
materials in mot ion recently .

Mootly Bright
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C. Consolidation (Particle Packing): Unde r stable conditions ,
the array of rock and soil particle sizes pack together.
Voids are filled. Larger components tend to overlap like
shingles ( imb r i ca t e) . So arranged, the bottom is' quite
resistent to even exceptional flow forces. Some rock
types (granitics) are less amenable to this packing
process and never reach the stable s tate of others l ike
t he Belt Series rocks.

1. Excellent: An array of sizes are tightly packed
and wedged with much overlapping which makes it
difficult tc dislodge by kicking.

2. Good : Moderate l y tight packing of p a r t i c l e s with
fast water parts of t he cross section protected
b y overlapping rocks. These might be dislodged
b y higher than average flow conditions, however.

3. Fair: Mode r a t e l y loose without any pattern of
overlapping. Most elements might be moved by
average high flow conditions.

4. Poor: Rocks in loose array, mov e d easily b y less
than high' flow conditions and move underfoot while
walking across the bottom. The shape of these
rocks tends to be predominantly round and sorted
so that most are of similar size.

~7
Exeellenl

Side View. of Sub.lrate
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D. Bottom Size Distribution and Percent Stable Materials:

Rocks remaining on a stream's bottom reflect the geologic
sources within t he basin and the flow forces of the past.
Normally, there is an array of sizes that you expect to
see in any given local . Af t e r a little experience, you
begin to " s e n s e " abnormal situations. Generally, in the
mature topography typical of the Northern Region of t he
Forest Service and much of the other western Regions as
well, the flow in the small , steep upper stream reaches
is sufficient to wash t he soil separates and some of t he
gravels away . What remains is a gravelly, cobbly stream
bottom. In the lower reaches where the gradient is less
and flow is often slower, deposition of the "fines"
eroded above begin to drop out. The separates of sand,
silt, and some clay begin to cover the coarser elements.
Except where trapped in still water areas, these fines
tend to be in constant motion to ever lower elevations.

Two elements of bottom stability are rated in this item:
(1) Changes or shifts from the natural variation of com­
ponent size classes and (2 ) t he percentage of all com­
ponents which are judged to be stable materials. Bed­
rock , large boulders, and cobble stones ranging in size
from one to three f e e t or n or e in diameter are considered
"stable" e lements in the average situation. Obviously,
smaller rocks i n smaller channels might also be classed
as stable. The sizes are given only to guide thought .
Bedrock as a major component of bottom and banks, no
matter what size the channel or how the other elements
rate, alwavsresults i n an excellent classification of
that reach.

1. Excellent: There is no noticeable change in size
distribution . The roc k mixture appears to be nor­
mal for the kind o f geologic sources in the basin
and the flow forces of streams of this size and
locat ion in the watershed.

I f a s hift or change has taken place so there are
greater percentages o f large rock in the small
streams and smaller sizes in large streams, the
condition class most a ppropriate should be checked.
It is a ma t t e r of degree as follows:

(Stable Materials 80-100%).

2. Good: Slight shift in either direction.

(Stable Ma t e ri a l s 50-80%).

3. Fair : Mod e r a t e shift in size classes.

(Stable Ma t e r i a l s 20-50%).

4. Poor : Marked , a pronounced shift.

(S t a b l e Ha t e r i als less than .20%) .
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E. Scouring and/or Deposition: Items of size, angularity
and brightness already rated above should lead you to
some conclusions as to the amount of scouring and/or
deposition that is taking place along the channel bottom.

1. Excellent: Neither scouring or deposition is much
in evidence. Up to 5% of either or a combination
of both may be present along the length of the
reach; i.e., 0-5 feet in 100 feet of channel length.

2. Good: Affected length ranges from 5 to 30% . Cuts
are found mostly at channel constrictions or where
the gradient steepens. Deposition is in pools and
backwater areas. Sediment in pools tends to move
on through so pools change only slightly in depth
but greatly in composition of their size classes.

3. Fair: Moderate changes are occurring. 30 to 507­
of the bottom is in a state of flux . Cutting is
taking place below obstructions, at constrictions
and on steep grades. Deposits in pools now tend to
fill the pool and decrease their size.

4. Poor: Both cutting and deposition are common; 507­
plus of the bottom is moving not only during high
flow periods but at most seasons of the year.

•
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F. Aquatic Vegetation: ~~en some meas ure of stabilization
of the soil-rock components is achieved, the c hannel
bottom becomes fit h ab i t a t for plant and anical life.
This process begins in the slack wa t e r areas and eventu­
ally may include the swift water portions of t he stream
cross section. Wi t h a change in vo lume of flow and/or
sedimentation rates, there may also be a temporary loss
of the living elements in the aquatic environment . This
last item attempts t o assess the one ma c r o- a qu a t i c bio­
mass indicator f ound to best e xpress a ch&~ge in channel
stability.

Clinging Moss and Algae : These lowe r plant forms do not
have roots but cling to the substrate . They are low
growing and may first appear as a green to ye l l ow- gr e en
slick spot on the bottom rocks. Mos s plants continue
with slight variation in color but no great change in
mass form season to season. Algae by contrast have a
peak of growth activity and then die of f in great numbers .
The slippery conditions they produce pe r s i s t after death ,
however.

Both algae and moss inhab it the swift water areas as well
as the quiet pools and backwater portions of the stream
bottom.

1. Excellent: Clinging plants are abundant throughout
the reach from bank to bank. A continuous mat of
vegetation is not required but mos s and/or algae
are readily seen in all directions across the stream.

2. Good: Plants are quite cocmon in t he slower portions
of · the reach but thin out or are absent in the swift
flowing portions of the stream.

3. Fair: Plants are found but t heir occurrence is
spotty. They are almost totally absent from rocks
in the swifter portions o f t he reach and may also
be absent in some of the slow and still water areas.

4. Poor: Clinging plants are rarely found anywhere in
the reach. (This is an unusual situation but could
happen under a co~bination of adverse environmental
conditions) .

r.hanne.t6 w..U:h :thA..-6 muc.h mocc M e JULted "Exc.e.Ue.nt"
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Management I mp l i ca t i on s

Appendix S.

After beating the brush, getting your feet wet and fighting
insects, you have established a series o f channel ratings.
You may now ask, ''What do these numbers mean and how are they
used in making a management decision ?"

By now y ou know this subject is complicated and precludes
i ndepth answers he r e. The following brief answers may
sats i f y you of t h e y ma y raise mor e que s t i on s . When t his
h a pp e n s , it 's time to consult y our Forest h ydrologis t f o r
detailed , speci fic answers.

The numbers and the adjective r at ings t hey relate t o
mean wh a t t hey say. A stream channel reach t hat rates
" po or " has a comb i nation of attributes that wi l l require
more judicious upstream management of the tributary
watershed lands than one rated "excellent". Th i s rating
procedure was not designed to fix blame for poor land
and water management or to reward good management, although,
in time, it could be used for t his purpose. Before passing
j udgme n t, be aware t hat n a t u r al, undistrubed wa t e r she d s may
exhibit poor h ydologic conditions. Conversely, a high l y
dev e l ope d and used watershed may have a drai n a ge network i n
good hyd ol og i c s hape. The rating s ystem will t here fore
have t he mos t value to l and managers wh o h ave def i nite water
management goals , wh o can relate t hese to ic?acts of other
res ource uses and activities, who understand natural l imita­
t ions , and are willing and ab le to use the s ystem to define
t h e risks t hey are willi n g to take to maintain or alter t he
status quo.

One use of t his rating system i s to assess conditions and
define impacts along short reaches of stream. Channel
conditions can be evaluated in terms of stream stability
and potential for damaging water quality at cul vert and
bridge sites, at campgrounds and admin istrati ve sites or
whe r eve r livestock and wildlife concentrate near or across
a wa t e r course. A channel rated " p o or" at a culve r t site,
f~r example, can n ot wi t h s t and as mu c h constrict ion or
gradient change as one rated " good" . Arm e d ...ith t h is
a ddit ional kno...ledge, t he decision could be t o c h ange
locations , redes i gn t h e i nta l l a tion or sel ect a d i f f erent
type o f structure to protect t h e a quatic h ab itat .

The pr imary use of t h is s ystem i s to a s s e s s en t i r e channel
s ystems within a ...aters hed and to use the results in
conjunction wi th other h ydrologi c analyses t o augment
silvicultural prescriptions. Rapid c hanges i n the density
and areal extent of vegetation on a wa t e r s h e d c a n increase
stream d ischarges. Channel systems rated "excellent"
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can withstand these increases with less damage than
s ystems rated "poor I! • "Poor" s ystems can wit hstand
gradual changes better t han abrupt changes in t he
discharge regimen.

To calculat e an ~verall rating f or a stream system, (1 )
multiply the length of each reach by its numeric rating ,
(2) add the weighted products of all reaches in the system
and (3) divide by the total length of t he s ystem.

For example:

Reach A 3 . 2 miles x 80 ( f a i r ) 256
Reach B 0 .5 miles x 100 (poor) 50
Reach C 2.0 miles x 40 (good) 80

Total 5.7 mi l es 386

Stream system average: 386 ~ 5. 7 = 68 (Good)

Land and water should not be managed on the basis of
averages. In the above example, the s t r eam system is
composed of three reaches ",hich rate "good" on the
average, but a "weak link" has been identified. Reach
B is in "poor " condition. One of t he obvious uses of
t his sys tem is to iden t ify "we ak links" and to discover
wha t , if any, opportunity ex ists to correct t he condi t ion.
It matters little if the damaged area is natural or man­
caused. The discovery of "v eak links" should reasonably
alter upstream land management to the extent necessary
to achieve stated land and water management objectives.

The procedures shou ld ultimat e ly serve as a che ck and
a measure of management success. The ne t e f fects of
each new i ncrement of change wi t hin t he watershed
management uni t will ultimately be expressed i n t he
condition of the stream channel responding to a new
hydraUlic regimen . Prudent managers will seek these
t rend data by pe riodic reappraisal of channel conditions
and r espond to adverse changes before i mpacts to the
water resource become unaccept ab l e and unalterab le .
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Thil. laJtge .U :1I.e4nt du.tnnd 1I.eAre.h
would be JU1.t.e.d "exctlleJtt" ovVUIU .

2.



Fisheries Stream Survey Manual Appendix 5.



Fisheries Stream Survey Manual Appendix 5.



Fisheries Stream Survey Manual Appendix 5.


	Appendix_05_Page_01
	Appendix_05_Page_02
	Appendix_05_Page_03
	Appendix_05_Page_04
	Appendix_05_Page_05
	Appendix_05_Page_06
	Appendix_05_Page_07
	Appendix_05_Page_08
	Appendix_05_Page_09
	Appendix_05_Page_10
	Appendix_05_Page_11
	Appendix_05_Page_12
	Appendix_05_Page_13
	Appendix_05_Page_14
	Appendix_05_Page_15
	Appendix_05_Page_16
	Appendix_05_Page_17
	Appendix_05_Page_18
	Appendix_05_Page_19
	Appendix_05_Page_20
	Appendix_05_Page_21
	Appendix_05_Page_22
	Appendix_05_Page_23
	Appendix_05_Page_24
	Appendix_05_Page_25
	Appendix_05_Page_26
	Appendix_05_Page_27
	Appendix_05_Page_28
	Appendix_05_Page_29
	Appendix_05_Page_30
	Appendix_05_Page_31
	Appendix_05_Page_32

