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* RGA 101

* Limitations

* Misuse

* Opportunities for Improvement







* Tool published by Ontario MOE (2003) for making
preliminary evaluations of channel stability and
sensitivity to an alteration in the sediment-flow regime

* |Intended for urban/rural settings

* Implicit aim is for procedure to be relatively simple
(“rapid”), such that non-specialists can apply it



The RGA field data
collection form

Factor Value (e.g., Al)
= # yes / # applicable

Stability Index (SI)
=(Al+DI+WI+Pl)/4

FORM/
PROCESS (1)

GEOMORPHIC INDICATOR

PRESENT

FACTOR

NO (1)

DESCRIPTION (3)

NO (4) | YES (5)

VALLUE (6)

Evidence of
Ageradation
(Al

1

Lobate bar

Coarse material in riffles embedded

Siltation in pools

Medial bars

Agccretion on point bars

Poor longitudinal sorting of bed materials

| @[ || R

Deposition in the overbank zone

SUM OF INDICES

Evidence of
Degradation
(DI)

4

Exposed bridge footing(s)

Exposed sanitary/storm sewer/pipeline/etc.

Elevated stormsewer outfall(s)

Undermined gabion baskets/concrete aprons/etc.

Scour pools dfs of culverts/stormsewer outlets

Cut face on bar forms

Head cutting due to knick point migration

Terrace cut through older bar material

Suspended armor layer visible in bank

S| |@(~N| @ || |Ww| k=

-

Channel worn into undisturbed overburden/bedrock

SUM OF INDICES

Evidence of
Widening
(W)

Fallen/leaning trees/fence posts/etc.

Occurrence of large organic debris

Exposed tree roots

Basal scour on inside meander bends

Basal scour on both sides of channel through riffle

Gabion baskets/concrete walls/ete. out flanked

Length of basal scour > 50% through subject reach

Exposed length of previously buried pipe/cable/etc.

Fracture lines along top of bank

(=N Wi=RN=-N N =0 e N IF o SR O

-

Exposed building foundation

SUM OF INDICES

Evidence of
Planimetric
Form
Adjustment
(PIy

Formation of cute(s)

Single thread channel to multiple channel

Evolution of pool-riffle form to low bed relief form

Cutoff channel(s)

Formation of island(s)

Thalweg alignment out of phase meander form

||| k| —

Bar forms poorly formed/reworked/removed

SUM OF INDICES

STABILITY INDEX (SI)=( Al + DI+ Wl + Pl ) I'm

Ontario MOE (2003)




Interpretation of the RGA Stability Index (SI) value

Increasing evidence of instability

<

Stability Index (SI) Value

Classification

Interpretation

SI<0.2 [n Regime The channel morphology is within a range of
variance for streams of similar hydrographic
characteristics — evidence of instability is
isolated or associated with normal river
meander propagation processes

021 <SI' <04 Transitionally or | Channel morphology is within the range of
Stressed variance for streams of similar hydrographic
characteristics but the evidence of instability
is frequent
SI=0.4 [n Adjustment Channel morphology is not within the range

of variance and evidence of instability is
wide spread

Ontario MOE (2003)




Application &

* Used extensively in southern Ontario, commonly by or
for Conservation Authorities

* Inconsistent results may be contributing
to mismanagement of stormwater and
erosion control measures

* May be contributing to bad reputation, expressed by
some, of fluvial geomorphology in southern Ontario



Inconsistent

Other Assessor
Other Assessor .
Reach Dominant Mode
RGA Score :
of Adjustment

Reach A 0.18 Widening
Reach B 0.47 Planform

Widening,
Reach C 0.37 Planform
Reach D 0.53 Widening
Reach E 0.55 Planform
Reach F 0.37 Planform




Inconsistent

Other Assessor
Other Assessor . PECG RGA
Reach Dominant Mode
RGA Score . Score
of Adjustment

Reach A 0.18 Widening 0.47

Reach B 0.47 Planform 0.35
Widening,

Reach C 0.37 Planform 0.44

Reach D 0.53 Widening 0.46

Reach E 0.55 Planform 0.40

Reach F 0.37 Planform 0.52




Reach Other Assessor
RGA Score

Reach A

Reach B

Reach C

Reach D

Reach E

Reach F

0.18

0.47

0.37

0.53

0.55

0.37

Inconsistent

Other Assessor
Dominant Mode
of Adjustment

Widening
Planform
Widening,
Planform
Widening

Planform

Planform

PECG RGA
Score

0.47
0.35
0.44
0.46
0.40

0.52

PECG Dominant

Mode of
Adjustment

Degradation

Widening

Aggradation

Degradation

Degradation

Planform




Inconsistent

Other Assessor PECG Dominant PECG
Other Assessor . PECG RGA )
Reach Dominant Mode Mode of Professional
RGA Score . Score . \
of Adjustment Adjustment Interpretation

Reach A 0.18 Widening 0.47 Degradation Widening
Stable to
Reach B 0.47 Planform 0.35 Widening widening
Widening, Widening,
Reach C 0.37 Planform 0.44 Aggradation Planform
Widening,
Reach D 0.53 Widening 0.46 Degradation Degradation
Degradation,
Reach E 0.55 Planform 0.40 Degradation Planform
Reach F 0.37 Planform 0.52 Planform Planform




Inconsistent

Other Assessor Othe_r ASSESSor PECG RGA #ASSRllpEil PEC.G Higher RGA
Reach Dominant Mode Mode of Professional
RGA Score . Score . . Score
of Adjustment Adjustment Interpretation

Reach A 0.18 Widening 0.47 Degradation Widening PECG
Reach B 0.47 Planform 0.35 Widening Stable to widening Other Assessor
Widening, Widening,
Reach C 0.37 Planform 0.44 Aggradation Planform PECG
Widening,
Reach D 0.53 Widening 0.46 Degradation Degradation Other Assessor
Degradation,
Reach E 0.55 Planform 0.40 Degradation Planform Other Assessor
Reach F 0.37 Planform 0.52 Planform Planform PECG



Obj

* Purpose of this talk is to heighten
awareness of limitations and misuse
of RGA, and foreshadow opportunities
for improvement — Step 1

Step 2 — ideally completed in
collaboration with the local
geomorphology community —is to
develop a more robust and defensible
version




LIMITATIONS

Unsound statistics
Allowance for contradictory processes

Importance of calibration



Unsound stati

° . . . FORM/ GEOMORPHIC INDICATOR PRESENT FACTOR
I n CO n S I Ste nt We Ig htl n g PROCESS (1) NO (2) | DESCRIPTION (3) NO (4) | YES (5)| VALUE i6)

. Evidence _of 1 Lobate bar
( | m p O rta n C e ) Of :\gﬁmda""“ gitl):;r“s:nr?:z‘i;allsin rifles embedded
geomorphic indicators, in

case of N/A

Accretion on point bars
Poor longitudinal sorting of bed materials
Deposition in the overbank zone

AL O INDLC TS

ﬁ'idem‘c of Exposed bridge footing(s) =
Degradation Exposed sanitary/storm sewer/pipeline/etc.

(D Elevated stormsewer outfall(s)

Undermined gabion baskets/concrete aprons/ete.

Scour pools dis of culverts/stormsewer outlets

Cut face on bar forms

Head cutting due to knick point migration

Terrace cut through older bar material

|

=» inappropriate to
compare reaches based

on form/process indices T —
(i.e., Al, DI, WI or PI) \

Widening

O (oo~ || ]| r] =

! 2 Occurrence of large organic debris
Wi 3 | Exposed tree roots
4 Basal scour on inside meander bends
5 Basal scour on both sides of channel through riffle
[:] Gabion baskets/concrete walls/etc. out flanked
T Length of basal scour > 50% through subject reach
8 Exposed length of previously buried pipe/cable/etc.
9 Fracture lines along top of bank
10 Exposed building foundation
SUM OF INDICES
Evidence of 1 Formation of cute(s)
Planimetric 2 | single thread channel to multiple channel
Form 3 | Evolution of pool-riffle form to low bed relief form
Adjustment
PN 4 Cutoff channel(s)
5 Formation of island(s)
6 Thalweg alignment out of phase meander form
7 Bar forms poorly formed/reworked/removed

SUM OF INDICES
STABILITY INDEX (SI) = ( Al + DI+ WI + Pl ) /m




Unsound stati

Reach A

Not applicable
to reach

Reach B

Evidence of
Degradation

(@1

Exposed bridge footing(s)

Exposed sanitary/storm sewer/pipeline/etc.

Elevated stormsewer outfall(s)

Undermined gabicn baskets/concrete aprons/etc.

Scour pools d/s of culverts/stormsewer outlets

Cut face on bar forms

-\Idmhwl\:ﬁ—i

Head cutting due to knick point migration

Terrace cut through older bar material

Suspended armor layer visible in bank

5

Channel worn into undisturbed overburden/bedrock

SUM OF INDICES

Evidence of
Degradation

®D

—

FETEvatEt SOTTSEWeT outTattsT—

o I :

FSconTpoois s Ui TaivertsIstorTsewer outiets—

Cut face on bar forms

Head cutting due to knick point migration

Terrace cut through older bar material

Suspended armor layer visible in bank

Channel worn into undisturbed overburden/bedrock

SUM OF INDICES

10 of 10 possible geomorphic
indicators applicable

Calculation of Dl:

#yes/1

0=x

4/10= OIN Different

denominators

Only 5 of 10 possible geomorphic
indicators applicable

Calculation of DI:

Hyes[5=y
4/5=0.80

Increased relative influence of
remaining 5 indicators on DI




* Non-independence...

— Presence of one influences probability of presence of
another

— Inefficient, and potentially masks true indicators of
instability

* ..at geomorphic indicator level
— “Fallen/leaning trees” AND “Exposed tree roots”

[k

 ...at form/process level
— Degradation counters aggradation

— Planimetric form adjustment
commonly triggered by one of
other three processes



Unsound

Stability Index (SI) calculated SI=(Al+DI+WI+Pl) /4
as an average of the four

form/process indices /—\
21?

Information loss — mutes any 51 = (0.14 + 0.20 + 0.90 + 0.00) / 4 = 0.31

extremes, which are most /
important

Virtually identical values, yet based on reaches
with significantly different stabilities, dominant
processes and management implications

T~

Sl =(0.29 + 0.30 + 0.33 + 0.29) / 4 = 0.30

@




Allowance for con

Aggradation and degradation refer to
opposite changes in a channel, yet
their concurrence is plausible
according to the RGA

— Site- vs. reach-scale observations

Certain observations (indicators)
should trump others

Also need to consider timescale —
historic vs. present




Subjectivity

Presence vs. dominance

Inconsistent recording of indicators
inhibits reliable comparisons,
whether in space or time

Critical to calibrate to reference ‘

keys (e.g., Maine Picture Key) and
colleagues

Calibration of interpr

sowomy,
7 3

%:: Appendix J-3: &b
Rapid Geomorphic Assessment
Picture Key

Lozt updated Nevember 30, 2007

Maine Department of Environmental Protection (2007)

@




MISUSE

Inappropriate watercourse application

Unclear representation of planimetric form
adjustment

Over-assignment of indicators



* Small (swale) headwater
drainage features




* Small (swale) headwater
drainage features
“ .must include appligdtion of

* Bedrock channels — he-;fRaP"dtGéf’('Z:;P;iC)
ent...

* Alluvial fans & braided B ,

streams

e Chronically beaver-dammed
streams

* Natural (pristine) channels?




Unclear Represe
Planimetric Form Adju

Geomorphic indicators of Planimetric Form Adjustment mix indicators
of morphologic instability and dynamic equilibrium

— e.g., “Formation of chute(s)” and “Cutoff channel(s)”

B.Z. Saylor (MIT) ) B §

,.| ’4/ ;|{ 2 | %

Strong dependency on other processes | (=’ & :
(e.g., aggradation) o) e d
MEANDERING CHANNELS '/ ANASTOMOSED g



Over-assignment of indi

* Checklist format commonly leads to over-
assignment of indicators of instability

— What if the RGA logged indicators of stability?

 Reach-scale vs.
site-scale

 Particularly problematic
for assessors untrained
and/or inexperienced in
fluvial geomorphology




OPPORTUNITIES FOR
IMPROVEMENT



Field training and calibration
More diligent reference to picture keys
Avoidance of comparisons based on Sl alone

Temporal comparisons through repeat
assessment preferred

Regulatory acceptance to justify stability
conditions that depart from those //\/.;
indicated by the RGA — )‘\




Application of other, m
or new RGA m

* Allowance for weighting of different
indicators

* Accommodation of severity of indicators
* New, modified or removed indicators

* Vermont Agency of Natural Resources
(2004) RGA protocol?...



Field data sheets for

“confined streams”

T RAPID GEOMORPHIC ASSESSMENT CONFINED STREAMS
o Ty 00 semb-C Al s & e

Stream Name:

Location:

Segment ID:
Date:,

(Qh:a‘.m . . Modified o

V

Teal

Reference Stream T m| Stcj(mmthjnpaxt?days Y /N
i ol orge, vl T o ety BTl vy sce Hanus Protcals)
[ | Condition Category
Adi
* Process Reference Fair Poor
7.1 Channel Degradation ) . D3 Sharp change in slops, bead | [J Sharp change in slope and /
(Incision) mﬂfﬂ&m Eamem curs preseant andes rbutarie: | o multiple head cuss preses.
 Exposed tll or frsh subsraie jvenating Telbutaries efvenatng.
e sueabed d eposed | [ mcision Rato210<12 | [ icision Raio 21214 | Ol ncision Faio2 14<20 | ] mcision raio 220
and and and

Where channel slope < 4%

Where changl slope < 4%
Engenchment o = 14
Where channel slope = 4%
Enirenchment mtio = 1.2

Where chanel slope < 4%

] Step-pool. systems have fall
complement of expected bed

[ Step-pool. systems have full
complement of expected bed

[ Step-poul systems with
incomplete (eroded) steps, dom-
imated by rums.

Adi P Cond Category
Acgus t Frocess Reference Good Fair Poor
[0 Low widih/depth ratio O Low io moderate Widratio | [ Modesate to high Widratio | [J High width/depth atio

7.3 Widening Channel

® Artive undermining of bask
vegatation on both sids of the
chanel manmy unstable bank
overhangs that have Gile veg-
etation halding sojl topether

® Exosion an and left
banks.

. roats
(frash moots " and
Dot break Toats
are brittle break easi-
e - )

® Fractre. top of the
bank that
panlll o

® Euidenc and
mass

® Mid-channe] bars and side
bars may be prasent

<20 for channel slopes < 4% | =20 = 30 for slopes < 4% > 30= 40 for slepes > 40 for chanmel slopes < 4%
=10 for chamnel slopes = 4% | =10 13 for slopes > 4% = 127 20 for slapes = £% > 20 for chanme] slopes > 4%
[0 Limie to no scour and aro- | ] Minimal to moderate scour | [ Moderare to high scowrand | O Continuous and lateraly
sion at the base ofboth backs. | and erosion atthebase of both | exosion at the base of both extensive scour and erosion at
banks Some overhangs, Sac- | banks Many bank overhangs, | the base of both banks. Con-
mure lings at top of banks, kan- | fracnare lines at top of banks, timuous hank overhangs, frac-
ing tress and freshly evposed | leaning trees and Freshly ex- ture lines at top of banks, lean-
=2 roots ‘posed =2 roots. ing tre=s and Feshly exposed
(T8 TOOS.
thsimhdnzl.}-:l.-! [ incision Ratio = 1.4 < 2.0 O Incision ratio > 2.0
and

Whmdmmelsh])e’d

14
Where clarme! slope = u.

present, Depositional feafures
typically less than Balf bankfull
stage in beight

O Single mnln]lhmld-

O Muttiple
himelorsde s preset: chumnal, side ar diagonal bars
Major sediment atthe | orislands present, splitting or
head of constrictions leadingto | braiding Hows even under low
steep rifFles andior flood chutes | flow condirions

[ %o known channel and | or

O Major chacnel and/or Sow

O] Major and extensive chan-

Score:

® Frestily, fearures, steps complete with | Beatures, steps mostly com-
P & thatae | Codrser sediment (> DSO). plete.
imbricated Eke dom- — - —
moas) high ank [ Mo significant human- [ Oniy mivor buman-caused | [ Significant buman-caused [ Human caused change in
o T on ab. | coused change i chanmel con- | change i chae confine- change in confinemens | valley type.
i o 3 ment” bt 1o change in valley type.
ickpai stream af
. iy, [ Mo evidence of historic /| ] Evidence of minor historic | [ Evidence of significant [ Extensive historic chanre]
” : chanrel st dredging and/or channel avul- | historic channel smai i ghteni
# Depositional features with, presant channe b o
andlor channel awval- | sion dredgng. o gavel minng. gravel mining, andor recent
steep faces, usually 0CCUTRE | sians aador cEannal avalsions. channel avulsi
Tn)ufi’l"ﬂl Dep o [ Noknown fow alterations | [J Some increase in flow [ Major historic fow altera- [ Major existing flow alrea-
- (Le. mrreasesin flow andior | and/or minor reduction of tions, preater Sows andorre | tioms, Zrever fows andiar
decreases in sediment supply). | sediment load duction of sediment load. reduction of sediment load.
Score: Historic O [ 20 [ 10 J1s [17 J1s [ieJu oo w]e Js J7 [ [s [+ [5 [2 [t

7.2 Channel Agzradation

* Shllow pool depths

* Atundmt deposition
on side b umvegened

5 and exten-

sive ition at
‘ostnactis con-
smm'nus.”smaybe
present

® Most of bed is
exposed ical lowe
flow

* Coarse. obbles, and
bouldars miie

Stream Type Departure [J
Type of STD:

1 Step-pool. systems have full

I Step-pool. systems with full

[ Step-poul sysiems with

[ o appasent increase in
Zravel / sand substrates (pebble
Count).

riffies and/or fiood chrtes.

[0 Large increase in gravel /
sand substrates that may com-
prise over 70% of the sedimenss.

complement of expected bed mnplmmmfbﬂlfamns incomplete steps. dominated by | &lied with sediment and stream
feanures, complete steps and Pools filling with fine sediment | runs. Dools filling with fine appears as a plane bed.
amdmayheemlyshghdydaep» imentand may be absent
& and wider than nums with nms ing.
[ Miner sids ar delta bars O Smgmmmmpmmi O Mulriple mid- o mid-
presant. Minor depositional mmmmmnm channel, side or diagomalbars | channel, side or dmgomal bars
fearures rypically less thas half presenr. Sadiment buildup at or ishands present, spliing ar
bankfil stage in height consmictians leading to stzsp braidling flows even under low

[ Homogenous gravel'sand
substates may comprie over
90% of the sedupents. Fine

sediment feels soft underfoot.

=] Moste oigh Wzt
=3 slopsfd'»’w
for slopes = 4%

0] High width/depth ratio
> 40Tor channel Sopes = 4%
- 30 for channel slopes = 4%

® Urhanization and stormwater flow atemations (i =, increase ched input of flows and‘or alterations. increass in flows el and/r flow alterations.
outfalis Jeading o higher rate | in flow andior change m sedi- | sedimant. Episodic (Hood) andior change in sedimant load | increase in flows and/or change
and ion of and ment supply). es resulting in shert- {increase or decrease). in sediment load (increase er
e
wlw ]l 1s[ajE[nlw]s s [7] slaf3]2]1

Historic [

7.4 Change in Planform

[ Low bank ervsion on out-
side bends, little or no change
reach.

[ Low o moderate lateral
bank erosion on outside beads,

[ Moderate to high lateral
hank erosion on most outside

[ Extensive lateral bank
erosion on most outside beads,

[ Noknown fiow alterations
(Le. decr=ase in flow andior
increase in seciment supply)

[ Major historic flow altera-
tions, reduction in flows and / ar
increase in sadimenr load

O Major existing flow alrera-
tioms, extreme reduction m.
flows and / ar increase in sed-
iment load

[ ¥o buman-mads con-
strictions causing upstream
deposition.

O Hu d i Om ad
sigmificantly smaller than significantly smaller than
ﬂm@mmw\dxh_[auﬂngm]ur ankull widh, crusing exten-
upstm | dwmstra: deposiion. sive upstm / dwastm deposi-
tiom and fow bifircatior.

Score: Historic [
e —

W] (18 17] 18

EER I I

|

N N

5|4|3|2|I

in sinnosity within the may inchude miner changein | bends, may inchude moderate may inchide major change in
® Flood chiutes present. simuosiry within the reach change in reach sinuosiry simuosiry within the raach
® Channal evidentor | [ Linie orno evidence sedi- | [ Single to muliiple O Mulsiple unvegetared mid- O Multiple and major mid-
impending. ‘ment bulldup, only minor defta | unvegetated mid-channel, chanmel, elea, or side bars, channel, dlta, and/or side bars.
® Change ar o fem | Orsidebars typically less than i . typically than ba Evidence of recent ghannel
strucnure. sonfgigges resulting | Balf bankfull stage m height g
2 mix of and
step-pocl [0 %0 bnmean-caused altera-
® Liland fo tion of channe] planform and /
thread ar the width of the floodprans
i s
—
& O Hw e constrictions
causing only negligible up-
stream deposition.
 dwnstrm.
deposition and flow bifirca-
tion
Score: Historic [ | 20 [ 19 [I8 [ 17 [16 (15 [1aJ13J 120 & [Js [ 7] sTaJ3]2]1
e —
7.5 Channel Adjustment Scores — Stream Con(imm Channel Evolution Stage
Co on Reference. Good Poor TTyE . Condition Rating: [ Channel
[~ Departure WS Nimor Eireme ST Historie | ™ (TotalScore /80 | Eyglution
Degradation Stage:
A dati
2
Widening 7.6 Stream
Planform Condition:
Sub-totals: Total Score:
"S- Smm'l‘fp! qu
Channel A Processes:

7.7 Stream Sensitivity: Very Low / Low / Moderate / High / Very High / Extreme
* Channel Condition “default” to poor — significant floed damage (not able to get accurate channel] data)

e iype is
hngumema,mugmca
stream fype.

* Channe] Condition defanlt to poor - Due to channe] alterations from work in channel after flood: Y/N

* Stream Sensitivi
* Stream Sensitivity

“default” to poor — significant flood damage (not able to get accurate channel data) Y/N_
default” to poor Due to channel alterations from work in channel after flood:




Professional judgment (P.Geo. or P.Eng.)
remains essential to validate and interpret
results, especially where there are stormwater
management or erosion control implications

robin@pecg.ca @



