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COMPENSATORY MITIGATION : : SQT REVIEW

Development of Current SQT Framework

2004. USEPA/USACOE document Physical Stream Assessment for CWA Section 404. by Somerville and  

Pruitt survey protocols used by practitioners dominated by Rosgen restoration methods.  

2006. USACOE ERDC TN-EMRRP SR-52 document on Functional Objectives for Stream Restoration by 

JC Fischenich published summarizing five primary functions, as follow (Table 1)….

▪ System Dynamics   ▪ Hydrologic Balance

▪ Sediment Processes & Character

▪ Biological Support   ▪ Chemical Processes & Pathways

2012. USEPA/USFWS - EPA 843-K-12-006 A Function-Based Framework 

for Stream Assessments and Restoration Projects by Harman et al. 

published a pyramid-structured framework.  Functional 

categories hierarchically and linearly organized for hydrology, 

hydraulics, geomorphology, physiochemical, and biology.  



COMPENSATORY MITIGATION : : SQT REVIEW

Current 

State SQTs:

Wyoming

Colorado

Georgia

Tennessee

Minnesota

Michigan

South Carolina

Alaska



FUNCTIONAL OBJECTIVES FOR STREAM RESTORATION

US Army Corps of Engineers

ERDC TN-EMRRP SR-52
September 2006

Five functional categories and            
15 critical functions identified by 

U.S./International Committee.

▪ System Dynamics

▪ Hydrologic Balance

▪ Sediment Processes and 
Character

▪ Biological Support

▪ Chemical Processes and 
Pathways



C. Fischenich, 2003

FUNCTIONAL OBJECTIVES FOR STREAM RESTORATION

▪ System Dynamics

▪ Hydrologic Balance

▪ Sediment Processes and 
Character

▪ Biological Support

▪ Chemical Processes and 
Pathways

Interconnectedness among 

functional categories 

operating at different spatial 

and temporal scales
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COMPENSATORY MITIGATION : : SQT REVIEW

Stream Assessments:

Over decades, many methods have been developed to assess stream functions based on 
quantifying physical, chemical, and biological processes that maintain stream ecosystems 
(404 regulations: 33 CFR 333.2).

The many stream assessments use a measurement method to quantify function-based 
parameters and their functional capacity to measure the degree to which an area of 
aquatic resource preforms a specific function (33 CFR 332.2). Parameters may be grouped 
into components of an assessment framework, functional categories to measure 
functional capacity.

Examples: Selected Stream Assessments

■ USEPA EMAP Habitat Survey Protocols   ■ River Condition Assessment Tool
■ Oregon Stream Function Assessment Method  ■ Stream Quality Index
■ USEPA Rapid Bioassessment Protocols   ■ USFS Stream Inventory Protocols
■ CO River Health Assessment Framework   ■ Others……



• Oregon Stream Functional Assessment Method 
(SFAM, Quantification Tool) – 

• Functional Groups:

• Hydrology
• Geomorphology
• Biological
• Water Quality

OREGON STREAM FUNCTIONAL ASSESSMENT



• Oregon Stream Functional Assessment Method 
(SFAM, Quantification Tool)

Metrics are scored 0.0 to 1.0

and quantified similarly to other 

SQTs

OREGON STREAM FUNCTIONAL ASSESSMENT



COMPENSATORY MITIGATION : : SQT REVIEW

General Review of GA, CO/WY, SC, and TN 



GEORGIA SQT

• Georgia Stream Quantification Tool

• Slides from Eric Somerville, USEPA

Removed categories 

Hydrology and 

Physiochemical



GEORGIA SQT

• Georgia Stream Quantification Tool Slide Justin Hammond, USACE

Required

Optional, based on 

anti-degradation 

policy

Required

Comment: Need for regionalization, lack of funding (Parameters: LWDI, % riffle, pool-spacing)



Function-based Parameters:  Reach Data Inputs 

(14 parameters, 34 metrics)

A REVIEW: COLORADO STREAM QUANTIFICATION TOOL

…The Mile High Flood District (Flood District) agrees 

that a functions-based impact and mitigation approach 

is needed in Colorado and that a quantification tool is 

an objective means to that end. 

The Flood District is concerned, though, that a state-

wide quantification tool with a one-size-fits-all 

approach is challenging for practitioners to 

implement, may not accurately reflect lift and loss, 

and may result in inappropriate use as assessment and 

design tools. 

To provide substantive, holistic, and comprehensive 

comments on their application state-wide and within its 

boundaries, the Flood District established a Flood 

District Task Force (Task Force) that undertook an 

evaluation of the COMP and CSQT. 

The Task Force focused its evaluation, 

comments, and recommendations on the 

following aspects of COMP and CSQT: 

• Scientific Support of Functional Categories, 

Parameters, and Metrics

• CSQT Data Collection and Analysis Testing 

Protocol

• User Manual, Workbooks, and Field Forms



COLORADO SQT 

WY/CO Revision V.2

Bankfull verification flow 

chart with three methods 

for bankfull verification.



SOUTH CAROLINA SQT

• SC Stream Quantification Tool Slide David Wilson, USACE



Function-based Parameters:  Reach Data Inputs

TENNESSEE STREAM QUANTIFICATION TOOL V.1

Existing Condition 

Scores (ECS) 

Score Range 0-1

Functional 

Categories 

Hydrology (2)

Hydraulics (2)

Geomorphology (22)

Physiochemical (4)

Biology (6)

Note: * Bankfull-based      

           NCD design 

    parameters

Two parameters, land 

use cannot be changed, 

stormwater not used.  

No roll-up (averaging) 

Two parameters rely on 

bankfull determination. 

Sensitive to determination 

and difficult to obtain in 

urban streams. Roll-up by 2. 

Twenty-two (22) parameters 

rolled-up (averaged) into 

category condition score. 

Geomorphic restoration 

relates to these parameters.

Category notes 

and roll-up 

issues

*

*

*

*

*

Four (4) parameters, 

mostly not used. If not 

used value = 0 and de-

weights other category 

scores per the total score.

Six (6) parameters, 

mostly not used. If not 

used value = 0 and de-

weights other category 

scores per the total score.

*

*

*

*

*

*

*

*

*



COMPENSATORY MITIGATION : : SQT REVIEW

Selected Findings by the TC Working Group Members:

• Flexibility in assessment protocols;  one SQT protocol cannot quantify all possible 

conditions and stream restoration strategies. 

• More complex than needed, make simpler and cost effective, and improve on 

assessing/scoring functional lift of physical, chemical, and biological attributes.

• Parameters dictate design methodology, in general, parameters used for single-threaded 

channel restoration using Natural Channel Design – limits credit generation for multi-

threat channels, urban stream restoration, headwater streams, and unique conditions in 

different ecoregions.

• Reference (performance) curves not adequate across state ecoregions: regionalization.

• Existing condition scores for debiting (small reaches) ≠ crediting (large reaches).

• Bankfull (BF) estimate, difficult to determine in highly alternated channels, i.e., urban 

watersheds and channelized streams.  BF requires riffle structure and may be absent in 

some channel conditions.  Non-stationary in urban streams.

• Physical habitat not assessed directly, but noted as a key category for function-based 

metrics to assess stream functional condition.



COMPENSATORY MITIGATION : : SQT REVIEW

Some TC Concluding Remarks:

• Reassessment of the Stream Assessment Framework for compensatory 

mitigation needs to focus on ecosystem function rather than metrics used in 

a geomorphic restoration design methodology.  And include valley/ 

floodplain dynamics. 

• SQT Metrics should be process-based so they are applicable across multiple 

ecoregions and watershed stressor conditions.

• Alternatives to bankfull methods are needed in defined conditions

• Physical Habitat and Riparian Corridor Quality should be functional 

categories to quantify ecosystem processes. 

• Further Study – more science on quantifying ecological response from 
stream restoration to formalize an effective assessment framework for 
stream function and to provide greater certainty in mitigation crediting. 



TN SQT REVIEW :: WORKING GROUP

Original

Working Group Members:

PROFESSIONAL COMMUNITY

John S. Schwartz, University of Tennessee, Knoxville

David Blackwood, West Tennessee River Basin Authority

Matt Clabaugh, Barge Design Solutions, Inc.

Cat Hoy /Chris Fleming, BDY Environmental

Jed Grubbs, Cumberland River Compact

Casey Hertwig / Daniel Spradlin, CEC

Brady McPherson / Will Stanley, Stantec

Josh Sitz, KCI

Chris Todd, Envirogreen, Inc.

Angel Fowler, RES

Shawn Wurst, RES/TDOT

REGULTORY COMMUNITY

Jonathon Burr,  TDEC

Jimmy Smith, TDEC

Adam Kelly, TDEC

Claire Wainwright, TDEC

Ryan Evans, ACOE Nashville District

Joshua Frost, ACOE Nashville District

Will Worrell,  ACOE Nashville District

Damon McDermott, ACOE Memphis District

Review group initiated by TDEC after 

approximately one year of SQT being in effect 

and professional community has identified 

issues.  Working Group formed in August 2020.



TN SQT REVIEW :: WORKING GROUP

Review Objectives: 

1. Compile and summarize issues from 
working group members associated with 
the existing TN SQT individual metric 
scorings and the total existing condition 
scores (ECS) used for compensatory 
stream mitigation debits and credits.

2. Provide suggestions for a revised TN SQT 
that better measure stream functional 
attributes for a boarder range of stream 
types (East to West Tennessee).

3. Ensure that any revisions work for both 
debiting and crediting, and the basic 
currency does not change. 



TENNESSEE STREAM QUANTIFICATION TOOL

TN Healthy Watersheds Initiative Study: Restoration Potential from  Urban Streams

Valley & Ridge Study Results:  TN SQT Existing Condition Scores

ECS Urban Impaired Urban Restored Ecoregion Reference

Baker Cr.          0.47 Williams Cr.      0.52 Mill Run          0.69

Beaver Cr.        0.58 Beaver Cr.        0.59 Indian Cr.        0.70

Friar Br.            0.58 Friar Br.            0.53 Dry Cr.            0.70

Third Cr.           0.42 Third Cr.           0.56 Big War Cr.     0.75

Avg. 0.53 0.55 0.71

➢ Ecoregion reference streams: Average ECS = 0.71 (functioning, barely)

➢ Urban and urban restored streams similar in ECS :: Functioning-at-Risk

➢ Minimal functional lift between urban and urban restored streams; however urban restored 

streams were observed with greater biotic integrity (TMI & Fish IBI) scores than urban impaired.

➢ Beaver Creek restored now with a TMI = 32 (supporting) from a pre-restoration TMI = 23-29; 

and an estimated pre-restoration SQT = 0.51 compared to a post-construction SQT = 0.59. 

Restored streams: 

Post-period > 7 years



TN SQT REVIEW WORKING GROUP

Addressing the Roll-up Weighting of the Total Existing Condition Score 

Existing

Functional 

Categories

Hydrology (2)

Hydraulics (2)

Geomorphology (22)

Physiochemical (4)

Biology (6)

•   Suggested to adjust the number of metrics per category

• Suggested that about 2-4 required metrics per category would 

reduce weighting issue.

• Allow various optional metrics per category for project site 

conditions when appropriate meeting objectives.

• A proposed arrangement of categories is as follow:

• Hydrology

• Hydraulics

• Geomorphology: Channel Stability

• Geomorphology: Physical Habitat

• Geomorphology: Riparian Corridor

• Water Quality/Biology *

* Merging Physiochemical and Biology Categories



Function-based 

Parameters:  

Proposed Revision

TN SQT Structural 

Assessment Scheme:

• Hydrology

• Hydraulics

• Geomorphology: Channel Stability

• Geomorphology: Physical Habitat

• Geomorphology: Riparian Corridor

• Water Quality/Biology 

TN SQT V.2 TEST

Hydrology to include 

infiltration attribute per 

floodplain dynamics – 

can protect & restore

Hydraulics and 

Geomorphology:  choose 

path BF or Non-BF 

Geomorphology sub-

categories:  Channel; 

Stability, Riparian Corridor, 

and Physical Habitat

Physiochemical and 

Biology merged into 

single category 

BF Non-BF

Whether BF or Non-BF 

paths, 2-3 required 

parameters per category 

with optional parameters.



Comparing Current Version with Proposed Revised Version

TN SQT REVIEW WORKING GROUP

1:1 Line

Results: 
Data variable R2 = 0.46-0.47

but significant trend (p < 0.05)

Suggests migration credit 

currency is not altered 

significantly overall.

Individual site existing 

condition scores (ECSs) will 

vary and partially dependent 

on BF estimates. 



Comparing Proposed Revised Version: Geomorphology Category 

Bankfull to Non-Bankfull

TN SQT REVIEW WORKING GROUP

In General,

Non-bankfull scores slightly 

higher than bankfull scores.

Both correlated with R2 = 0.73, 

and significant (p < 0.05).



TENNESSEE STREAM QUANTIFICATION TOOL   V.2

Bankfull or 

Non-Bankfull

Non-Bankfull 

Alternative

Public Comment Period on V.2, Comparison b/t V.1 & V.2, and Training Manual – September 2023



TENNESSEE STREAM QUANTIFICATION TOOL   V.2

Public Comment Period on V.2, Comparison b/t V.1 & V.2, and Training Manual – September 2023

Functional Category Sub-Category / Parameter Functional Attribute / 

Functional Statement

Hydrology - Catchment Hydrology

- Reach Runoff / Stormwater 

Infiltration

- Floodplain Storage

- Watershed scale runoff based on land 

cover/land use

- Enhanced infiltration of surface runoff & 

WQ improvements 

- Promote infiltration on floodplains, side-

channel/wetlands restoration; area-based 

Hydraulics Floodplain Connectivity

- Bank Height Ratio

- Entrenchment Ratio

- Floodplain Inundation

- Channel Incision

- Aggregation Ratio

- BF measures of floodplain inundation and 

channel incision.

- NBF measures of floodplain inundation and 

channel incision.

 - Excessive sediment deposition, habitat 

quality (optional).



TENNESSEE STREAM QUANTIFICATION TOOL   V.2

Public Comment Period on V.2, Comparison b/t V.1 & V.2, and Training Manual – September 2023

Functional Category Sub-Category / Parameter Functional Attribute / 

Functional Statement

Geomorphology I - Large Woody Debris

Riparian Corridor

- Buffer Width

- Canopy Cover

- Average DBH

- % Invasive Woody Sp.

- Provides channel structure 

associated with habitat quality

 - Provides channel structural 

stability and shape for water 

temperature

- Limits vegetation diversity.

Geomorphology II Channel Stability

- % Streambank Erosion 

(modified)

- Rapid Geomorphic 

Assessment

- % Streambank Armoring

- Fluvial erosion; Channel stability 

per degree of channel adjustment 

both vertical and lateral erosion.

 

- A measure of streambank habitat 

quality.



TENNESSEE STREAM QUANTIFICATION TOOL   V.2

Public Comment Period on V.2, Comparison b/t V.1 & V.2, and Training Manual – September 2023

Functional 

Category

Sub-Category / 

Parameter

Functional Attribute / 

Functional Statement

Geomorphology II Physical Habitat

- Wolman Pebble Count

- % Riffle

- Pool Spacing Ratio

- Pool Depth Ratio

- Sediment supply/transport and 

bed sediment for habitat quality

- Mesohabitat quality for pool 

habitat units. Pool spacing has a 

non-bankfull methodology.

Biology / 

Water Quality

Biology 

- TMI

- % Clingers, % EPT – 

Chuemato., % Oligo. & 

Chironom.

Water Quality 

% Nutrient Tolerant MI, 

NO3-+NO2-, TP

- E. coli

- A measure of biotic integrity and 

water quality impairment 

- A TMI indicator for excessive 

nutrients, and direct chemical 

measure.

- A measure of fecal pollution.



TN SQT V.2

Questions

Discussion

Baltimore, Maryland

August 22, 2023



TN SQT V.2: CHANNEL STABILITY

Geomorphology Category: 

USDA Rapid Geomorphic Assessment 

(USDA NSL, Simon, 1996, 1998, 2004)

Consists of nine sub-metrics
Each sub metric:  0 to 4
Total Score: 0 to 36

Stable TS = or < 11
Conditional Stable 11 to < 19
Unstable > 19

Many published works, and USDA data available 
in in most US ecoregions.



TN SQT V.2: CHANNEL STABILITY

Geomorphology Category:  USDA Rapid Geomorphic Assessment 

• RGA based on 

the channel 

adjustment 

concepts applied 

in the Channel 

Evolution Model 

(Simon and 
Darby 1999)

• CEM Stages 1-6



Channel Evolution Model 
(USDA NSL, Simon, 1998, 2004)

USDA Scale 0 to 4
0 most stable
4 most unstable

Suggested Equivalent CEM metric ESC
       I     II            III IV   V VI
      1.0          -- 0.5 0.1             0.3           0.7

Channel Incision measured by WDp/Hb ratio 

not using bankfull



Bankfull Indicators

Bankfull Discharge: Multiple hydrogeomorphic indictors 

NRCS: Part 654 Nat’l 

Engr. Handbook (2007)

Table 5.1



Identifying Bankfull Indicators 

TN SQT User’s Manual

Notes: 

Scour line identification has been termed Active Channel Width

Use regional curves to check field measurements



Bankfull Indicators Limitations 

Table 3. Summary of stream conditions that affect bankfull indices as Table 5-11 in the NRCS 
2007 National Engineering Handbook, Part 654.

Evaluate

Urban 

Streams

Bedrock

Channels

Engineered

Channels



Natural Channel Design Approach

NRSC Part 654 NEH (2007), Ch. 11 Rosgen Geomorphic Channel Design 

Can be 
replaced with 
Hydrodynamic 
Model



Natural Channel Design Approach

NRSC Part 654 NEH (2007), Ch. 11

Use 2D hydrodynamic 
model to assess flow 
capacity and 
channel/streambank 
stability.

Set topographic 
surfaces (profile, 
cross-sections, 
bedforms for channel 
design alternatives

Use 2D Hydrodynamic Model for design: 
compute channel stability & sediment 
competence/capacity, habitat needs  

Ecohydraulics 
assess habitat  
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