NORFOLK DISTRICT CORPS OF ENGINEERS REGULATORY BRANCH

STREAM  ATTRIBUTES CREDITING METHODOLOGY:  IMPACT AND COMPENSATION REACHES
Instructions for completing the stream form (Attached)

INTRODUCTION:

The purpose of this assessment approach is to provide a methodology to quantify stream impacts and determine the required compensatory stream mitigation in a manner that is predictable, reliable and repeatable.  Indices, based on stream condition, are determined for a suite of variables and multiplied by the affected stream length.  The resulting “Stream Condition Unit” is the exchangeable currency for stream impact assessment, compensatory mitigation, crediting and debiting at stream mitigation banks, and in-lieu fee calculations.

The approach relies on identifying and measuring surrogates of stream condition in the Piedmont Physiographic Region only.  Based on a review of the literature, five variables, whose relationship to overall stream health could be established, were selected as indicators of stream condition:  the degree to which the channel has downcut or is incised in its floodplain (Channel Incision), riparian corridor width (Riparian Condition), the amount of bank erosion (Bank Erosion), whether or not the stream has been channelized (Channelization), and the amount and condition of instream habitat (Instream Habitat).  These five variables are used as yardsticks that gauge the disturbance level of a particular stream relative to other, similar streams.  Variable metrics are based on existing stream assessment metrics found in the Environmental Protection Agency’s Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers (Barbour, et.al. 1999) and on limited data collected from approximately 25 streams in the Piedmont Physiographic Region .  Streams selected and sampled approximated least disturbed to most disturbed conditions.  An index of 1.0 was assigned to the range of variation for each variable in least disturbed streams.  Variables for streams with disturbance levels greater than least disturbed streams were qualitatively scaled based on best professional judgment; and assigned condition indices of 0.75, 0.50 and 0.25.  The Riparian Condition and Channel Alteration variables, however, did not follow this pattern.  Riparian Condition indices are based on a continuum rather than discreet categories; and Channelization functions as an on/off switch: 1.0 not channelized and 0.25 channelized (see below). This scaling can be refined based on more widespread data collection.  

This approach is not a full functional assessment model such as the Corps’ Hydro-Geomorphic (HGM) assessment or the U.S. Fish and Wildlife Service’s Habitat Evaluation Procedures (HEP).  However, the underlying premise of this approach, as well as true functional assessment models, is that least disturbed ecosystems have higher functional capacities or exhibit greater ecological integrity relative to those with greater levels of disturbance.  The relationship between ecosystem health and landscape level perturbations can be corroborated from the literature (Craig and Beal, 1992; Delong and Brusven, 1994; Fuller and Lind, 1991; Heebe and Rinne, 1990; Lemly and Hildebrand, 2000; Morse, 2001; Roth, et. al., 1992.).  Therefore, while specific stream ecological functions have not been identified, it is presumed that the highest sustainable ecological functions occur in the least disturbed streams relative to stream systems having greater levels of disturbance.

The assessment approach is a relative measure of disturbance that compares similar stream types within the same physiographic region.  Regionally specific streams are used because of their geomorphic and ecologic similarity and, ultimately, functional similarity.  Streams in one physiographic region are not compared to streams in any other region.  For example, stream habitat in the Piedmont Physiographic Region is markedly different from stream habitat in the Blue Ridge Physiographic Region and the two cannot be compared with any degree of confidence or meaning.  It is only appropriate to compare stream habitat relative to similar streams within the same physiographic region.  This allows one to sort out causal differences of climate, geology and topography from those of strictly anthropogenic origin. 

The streams within the Piedmont Physiographic Region were selected as priority streams because of the intense development pressures the region has experienced since European settlement.  The Piedmont Physiographic Region is a geographic area roughly 16,700 square miles in size that is bordered on the west by the Blue Ridge and on the east by the Coastal Plain physiographic regions.  It includes some of Virginia’s fastest growing population centers along the I-95 corridor from Richmond to Washington D.C.

Threatened, endangered or other sensitive species and/or sensitive waters such as coldwater trout streams are difficult to incorporate into any assessment approach.  The stream assessment approach may still be used to determine overall stream condition.  However the presence of such species and/or sensitive waters may override all other stream factors under consideration.  In such circumstances, decisions on stream impacts and mitigation may be based solely upon impacts to T&E species and/or sensitive waters regardless of stream condition.  Such decisions are made on a project specific basis when T&E and/or sensitive species/waters are involved.

In addition to the presence of threatened, endangered and sensitive species and/or sensitive waters, channels that exist under certain hydrologic regimes are difficult to assess.  Channels whose hydrology results solely from precipitation events, sometimes referred to as ephemeral streams, cannot be assessed with this methodology.  When impacts to such channels are proposed, the limits of jurisdiction and the need for mitigation are determined on a case-by-case basis.

DEFINITIONS/GENERAL INSTRUCTIONS:

Bank Height Ratio (BHR): The relationship between the top of the lowest bank (TOLB) and maximum bankfull depth (see below).  Bank Height Ratio is a measure of channel incision (see below).  Bank Height Ratio is determined by dividing the TOLB height by the maximum bankfull depth.   

Bankfull Stage (BFS): A physical and/or biological indicator on the stream bank that marks the elevation of the dominant channel forming flow.  These flows generally have a re-occurrence interval of 1.5 to 2 years and are the primary channel-forming flows.  Bankfull Stage can be determined by such features as the elevation associated with the highest point bars/mid-channel bars, break in slope on the banks, particle size distribution (finer material that is associated with over-flow rather than more coarse material deposited in the active channel), water staining on rocks, trees, bridge abutments, exposed root hairs below an intact soil layer, the lower limit of terrestrial vegetation on the channel banks, shelving, etc.

Bankfull Width (BFW): Stream channel width measured from bank-to-bank at bankfull stage as measured at a riffle section (that portion of the channel between an upstream pool and the next downstream pool).  Bankfull Widths are cross-referenced to Stream Order categories when making decisions on in-kind versus out-of-kind mitigation (see below).

Channel Incision: The extent that a stream channel has down-cut through its floodplain to the point that over-bank flooding rarely occurs except for extreme flood events.  Bank Height Ratio, as described above, is a measure of channel incision.  
Channelization: The process of artificially straightening a stream channel by using equipment to cut a new channel and eliminate a stream’s natural meanders.  In some circumstances, channelized streams, over time, equilibrate to a new base elevation and re-establish stable dimension, pattern, and profile.  As this occurs, new floodplains can evolve within the incised channel.  While it may be evident the stream was channelized in the past, it should not be considered channelized if it has evolved a new stable meander pattern and floodplain within a historic channelized section.

Embeddedness: The degree that boulders, cobbles and coarse gravels are buried in sediment on the channel bottom.  Pulling the largest rocks from the channel bottom and observing the location of the ‘bathtub’ ring indicates the proportion of rock buried in the channel bottom sediments. 

Left Bank/Right Bank: Left Bank and Right Bank designations are always determined while facing downstream.

Maximum Bankfull Depth (MBD): Maximum water depth as measured from the bottom of the channel in the thalweg (see below) portion of a riffle (that portion of the channel between an upstream pool and the next downstream pool) to the bankfull stage on the bank.  (Note: Measures of MBD should never be taken in a stream’s pool zone).

Stream Assessment Reach (SAR): The linear feet of stream affected by a proposed action that requires Department of the Army and/or Virginia Department of Environmental Quality 

authorization.

Stream Condition Index (SCI): A relative measure of a stream’s overall condition. With the exception of Riparian Condition and Channelization (see introduction, above) Stream Condition indices are scaled as follows: 1.0 (least disturbed condition), 0.75, 0.50, and 0.25 (most disturbed condition). 

Stream Condition Unit (SCU): A dimensionless unit that is the product of the SAR X SCI.  The SCU forms the currency for quantifying stream impact, stream mitigation requirements and credit/debit determinations at stream mitigation banks.

Stream Slope: Slope is the difference in water surface elevation per unit length of stream.  Percent slope should be determined from bed feature to bed feature, for example, from top of upstream riffle to top of downstream riffle.  At a minimum, the length of stream for this determination should be at least 20 bankfull channel widths long.  Percent slope and bankfull width are used in making decisions on in-kind versus out-of-kind mitigation (see below).

Thalweg: The general meander line of deepest water in a stream when viewed from above.  The thalweg is normally associated with the zone of greatest velocity.

Top of Lowest Bank (TOLB): Bank height as measured from the bottom of the channel in the thalweg portion of a riffle (that portion of the channel between an upstream pool and the next downstream pool) to the top of the lowest bank.  Top of Lowest Bank measurements are made at  the same location  as the Maximum Bankfull Depth.  The TOLB and the MBD are used to determine the bank height ratio; the BHR is a measure of channel incision as described above.

Total Stream Condition Unit (TSCU): The sum of the 5 individual SCU’s.  The summation is done for both the impact stream (impact-TSCU) and the mitigation stream (mitigation-TSCU).  The impact- and mitigation- TSCU’s are used for an overall comparison of losses and gains and in conjunction with the individual impact- and mitigation- SCU’s when determining the adequacy of stream mitigation.

ASSESSMENT VARIABLES AND METRICS:

1. CHANNEL INCISION:

Discussion: Important biogeochemical, ecological and flood hydraulic functions take place on floodplains.  Such functions are impaired when the stream no longer or rarely interacts with its floodplain.  The degree of channel down-cutting, or ‘incision’, determines a stream’s ability to spill onto the floodplain and the frequency at which flooding occurs. Channel incision is an indicator of the stream's vertical stability.  

Bankfull stage (BFS) is ideally equivalent to the Top-of-Lowest-Bank (TOLB), at which point the water overflows onto the floodplain.  In this case, the return interval for water overflowing onto the floodplain is 1.5 to 2 years, or the equivalent of bankfull flow.  A channel is considered incised when the TOLB is higher than BFS.  When this occurs the return interval for water overflowing onto the floodplain increases, requiring flows greater than bankfull flow; i.e. flood events larger than the 1.5 to 2 year event are necessary to fill the channel to the top of the banks.  The measurement for channel incision is the Bank Height ratio (BHR).  Bank height ratio is the relationship between the Top-of-Lowest-Bank (TOLB) elevation and maximum bankfull depth. Maximum bankfull depth is measured at the deepest portion of the thalweg (main current section) in riffles (that portion of the channel between an upstream pool and the next downstream pool).

Generally, values greater than 1.0 indicate an incised channel.  Rosgen analyzed the relationship between BHR and channel stability and suggested the following categories: 1.0 – 1.1 Stable; 1.1 – 1.3 Slightly Incised; 1.3 – 1.5 Moderately Incised; 1.5 > Deeply Incised.  For purposes of this assessment, a BHR of < 1.5, while a departure from Rosgen’s findings, generally reflects least disturbed conditions within the Piedmont Physiographic Region.  However, this is based on a limited data set and BHR reference conditions may be adjusted up or down as more data from actual field conditions becomes available.
Procedures: Determine where the thalweg passes through the riffle (that portion of the channel between an upstream pool and the next downstream pool).  Maximum bankfull depth (MBD) is measured from the channel bottom within the thalweg to the bankfull stage (BFS) elevation on the bank.  Measurements can be made using a carpenters level or laser level held at the BFS elevation and measuring the distance with a measuring tape from the channel bottom at the thalweg to the level held at the BFS mark on the bank.  The TOLB is the distance from the channel bottom to the top of the lowest bank and is measured at the same location as maximum bankfull depth. The Bank Height Ratio (BHR) is calculated by dividing the TOLB measurement by the MBD measurement.  

For example:

Top-of-Lowest-Bank (TOLB) = 4 feet

Maximum Bankfull Depth (MBD) = 2 feet; then:

Bank Height Ratio = TOLB/MBD = 4 / 2 = 2


1.0   = BH Ratio < 1.5 


0.75 = BH Ratio 1.5 < 1.7  


0.50 = BH Ratio 1.7 < 2.0


0.25 = BH Ratio 2.0 >


Stream Condition Index = 0. 25

Note: Incised streams that have equilibrated at a new base elevation may also develop a new floodplain terrace within the original incised channel.  In such cases, the upper terrace is the historic, abandoned floodplain, and the lower terrace is the new, active floodplain.  The new floodplain may only be a few feet across; when present, it should be used for the TOLB measurement instead of the upper, abandoned floodplain.

Mitigation Factors: Reconnecting stream channels to their floodplains can sometimes be accomplished to increase the SCI for channel incision.  This involves channel reconstruction techniques that utilize sound fluvial geomorphological principles to restore channel dimension, pattern and profile.  Restoring streams in this manner can correct both channel incision and channelization problems (see below).  Streams that have been severely channelized and incised can benefit tremendously from such an approach and numerous stream functions can be restored in the process.
2. RIPARIAN CONDITION:
Discussion:  The non-maintained forested corridors, including logged areas, adjacent to stream courses are considered riparian for purposes of this variable.  Riparian width is one of the more important characteristics influencing overall stream health.  Riparian communities provide migration corridors and breeding habitat for wildlife, maintain streambank stability, filter upland runoff, provide shading and thermal cover and are a significant source of organic carbon for aquatic ecosystems.  Note that logged areas are being considered as part of a riparian zone for the purposes of this assessment only, but any maintained areas such as agricultural fields or lawns are excluded from consideration.

Procedures:  When calculating impacts, stream condition indices for the riparian width variable are based on a continuum where every 1 foot average width is given a SCI of 0.01 up to a maximum average width of 100 feet (100ft X 0.01 = 1.0).  (Mitigation credit is given for every foot of riparian width to a maximum average width of 300 feet; see below).   Measure the Width of the Riparian Zone From Top of both Banks landward from the stream bank.  Add the widths for right and left banks divide by two and multiply by 0.01 to obtain the stream condition index.  

For example:

Right bank = 75 feet

Left bank = 100 feet; then:

[75 + 100 / 2] X 0.01




Stream Condition Index = 0.875

Mitigation Factors: Specific measures to improve riparian condition and increase the SCI include replanting riparian buffers.  Riparian restoration credit is calculated in the same way; however, credit can be given for every foot in excess of 100 feet to a maximum of 300 feet, average width such that: 300 feet X 0.01 = 3 SCI maximum restoration credit.  Deed restrictions, conservation easements, or some other type of protective instrument are required in most cases for long-term protection of the riparian zones. 

3. BANK EROSION: 

Discussion: Minimally impacted streams are described as being in a state of dynamic equilibrium in which erosional and depositional processes are in balance with one another.  When this balance is disrupted by changes in hydrology, hydraulics or physical perturbations, channels can become destabilized.  Excessive bank erosion is frequently an indicator of instability.  Rosgen (1996) listed several factors that contribute to a stream bank’s susceptibility to erosion:

1. Bank height vs. bankfull depth (Bank Height Ratio).

2. Density of roots.

3. Rooting depth vs. bank height.

4. Bank angle.

5. Soil stratification (interspersion of soil layers consisting of different soil types, textures, etc).

6. Soil particle size (fine textured bank material is more susceptible to erosion than coarser textured soils).

Indicators of excessive erosion include:

1. Cut banks with raw, exposed surfaces.

2. Bank angle of repose that is near vertical or greater.

3. Exposed, dangling roots.

4. Root-mat overhangs.

5. Bank sloughing.

(Rosgen, 1996; Pfankuch, 1975).

Note:  Cut banks with a near vertical bank angle may sometimes have a stable toe characterized by a break in slope between the toe and vertical face of the bank and extending above and below bankfull stage.  The toe may be partially vegetated with herbaceous and/or woody species.  This may indicate the bank is beginning to heal and stabilize and that excessive erosion is no longer occurring.  If the investigator determines this is the case, the bank should be excluded from the percent erosion calculation as determined below. 

Bank erosion is a byproduct of fluvial processes and even stable streams exhibit some degree of erosion.  Within an unstable channel section where excessive erosion is evident, some stream bank sections may exhibit erosion conditions typical of stable channels.  Therefore, the investigator must exercise great care when differentiating between erosion that is ‘normal’ and erosion that is ‘excessive’.  

Determining excessive erosion indicative of unstable streams is perhaps the most difficult variable to assess.  When making this determination, the factors and indicators listed above should be integrated and interpreted in context with one another.

Procedures: The percent bank erosion is calculated by adding the length of eroding right bank to the length of eroding left bank and dividing by the total bank length:

(Length of eroding right bank + Length of eroding left bank) / Total bank length

Where:

Total Bank Length (TBL) = 2 X Stream Assessment Reach,

For example:

SAR = 500 feet 

TBL = 2 X 500 = 1,000 feet

Erosion on the right bank = 150 feet

Erosion on the left bank = 50 feet; then:

(150 ft + 50 ft) / 1000 TBL = 0.2, or 20 percent total channel length eroding


1.0   =  <5% of bank affected.

  
0.75   = 5% < 30% of the bank affected.  


0.50 = 30% < 60% of bank affected.

0.25 = > 60% of bank affected.



Stream Condition Index = 0.75

Mitigation Factors: Reducing bank erosion can improve the Bank Erosion SCI.  Measures to accomplish this include stabilizing actively eroding banks by use of root-wads, instream structures that reduce near-bank shear stress, re-grading and re-vegetating banks with appropriate woody species, and, in some cases, rock riprap used strategically to effect bank toe protection.  Bio-engineered techniques utilizing tree stumps, logs, and root wads in combination with rock where appropriate is preferable to rock riprap when stabilizing eroding banks.

4. CHANNELIZATION:
Discussion: Stream channelization is one of the most destructive forms of channel alteration.  When channels are ‘straightened’ and stream meanders eliminated, channel slope is increased, which in turn increases water velocities and near-bank stress.  Head-cuts of varying severity develop as the stream seeks to re-establish a stable channel slope.  Head-cuts can migrate far upstream and even into tributaries to that stream.  Severe head-cuts can destabilize the banks and lower the water table in adjacent uplands and wetlands.

Procedures: Determine whether or not the SAR has been channelized.  Evidence can include the presence of old spoil piles parallel to the bank(s) or a channel that is unnaturally ‘straight’.  Some streams, because of slope and geology, may naturally have relatively straight channels with low sinuosity and should not be considered channelized.  In addition, consider whether or not fill material was pushed into the channel in a manner that restricts flows to a linear pattern.  In some circumstances, channelized streams, over time, equilibrate to a new base elevation and re-establish stable dimensions, patterns and profiles.  While it may be evident the stream was channelized in the past, it should not be considered channelized if it has evolved a new stable meander pattern within a historic channelized section.  A comparison of the existing channel with old aerial photographs or USGS quads may sometimes indicate whether or not the stream has been channelized.  Caution is needed interpreting spoil piles, however, since such piles may also indicate the channel was dredged but not necessarily channelized.  

Note:  Channelization is treated as an ‘on/off’ switch: if the SAR is channelized, the SCI is set at 0.25; if unchannelized, the SCI is set at 1.0.

For example:

SAR = 100 feet

Channelized – Yes: Stream Condition Index = 0.25 = (100 X 0.25) = 25 SCU’s

Channelized – No:  Stream Condition Index = 1.0  = 100 SCU’s (100 X 1.0) = 100 SCU’s

Mitigation Factors: As discussed above, stable channel dimension, pattern and profile can be restored in channelized streams using reconstruction techniques based on sound fluvial geomorphological principles.  Streams that have been severely channelized and incised can benefit tremendously from such an approach and numerous stream functions can be restored in the process.  
5. INSTREAM HABITAT:

General Discussion: The amount and condition of instream habitat is an important factor to the distribution, abundance and diversity of aquatic organisms.  Habitat types can vary both within and between physiographic regions.  For example, while some streams in the Piedmont Physiographic Region have fine-grained substrates and lack gravel/cobble riffles, other Piedmont streams are dominated by gravel/cobble substrates and distinct riffle/pool complexes.

The EPA RBP’s distinction between high gradient and low gradient streams is based on descriptors rather than percent slope.  High gradient streams are characterized as streams with a prevalence of riffles/runs and a coarse substrate on “moderate to high gradient landscapes”.  Low gradient streams are glide/pool systems having fine sediment substrates or infrequent aggregations of more coarse materials and located on “low to moderate gradient landscapes”.  The 25+ streams sampled in the Piedmont Physiographic region were representative of both high gradient and low gradient conditions.  For this reason, when the stream had a prevalence of low gradient features; i.e., characterized by a substrate of fine sediments, had infrequent patches of coarser substrates (if any) and dominated by glide/pool habitats, the EPA RPB metrics for low gradient streams were used.  Conversely, if the streams had characteristics consistent with high gradient streams the metrics for embeddedness were adopted.  The EPA RBP mentions high gradient and low gradient streams can overlap on moderate gradient landscapes.  These are the conditions in the Piedmont Physiographic Region and it was reflected in the streams examined.

5a. Gravel/Cobble Substrate Absent (Low Gradient Streams): 

Discussion:  In Piedmont streams dominated by fine-grained substrates, instream habitat diversity is found in the number, size and depth of pools, large woody debris (logs, roots and tree limbs in the channel) and leaf-packs (mats and wads of leaves in the channel).  These features diversify habitat by creating a variety of niche spaces through different depth and velocity regimes, attachment surfaces and food resources for aquatic organisms.  A lack of such features usually results in the presence of only a few dominant aquatic species.  The percent such features occupy ‘area’ within the stream assessment reach can be used as a measure of instream habitat health (instream habitat feature percentages are taken from EPA’s RBP; see Barbour, et. al., 1999).

Procedures: Visually estimate the percent area that physical habitat features, as discussed above, occupy throughout the SAR and that are below Bankfull Stage.  

For example:

SAR = 1,000 feet

Instream Habitat Features = 80 percent of SAR by area; then:

1.0   =  > 50% of substrate favorable; mix of stable habitat


0.75 =  30% < 50% mix of stable habitat

0.50 = 10% < 30% mix of stable habitat; availability less than desirable

0.25 = < 10% stable habitat; substrate unstable or lacking



Stream Condition Index = 1.0

Note: Some investigators may find it easier to estimate the percentage of the channel lacking habitat features by focusing on the absence of pools, large woody debris, leaf packs, etc.  For example, if 70 percent of the channel lacks such features, then 30 percent has instream habitat features and the Stream Condition Index = 0.75.

5b. Gravel/Cobble Substrate Present (High Gradient Streams):

Discussion: Under certain geologic and slope conditions, streams in the Piedmont Physiographic Region may exhibit characteristic pool and riffle habitats comprised of gravel and cobble substrates rather than the instream habitat features discussed above.  The gravels and cobbles provide habitat for macroinvertebrates by way of attachment surfaces, niche space and different depth and velocity regimes.  When these substrates become embedded, that is, buried by sediments to varying degrees, substrate surface area is reduced which in turn impacts the density and diversity of organisms.  The percent embeddedness of the gravel and cobble substrates, when present, is a measure of a stream’s habitat health rather than the percent area of instream habitat.  

Procedures: Percent Embeddedness can be estimated by pulling some of larger stones from the riffle sections found in the stream assessment reach and visually estimating the percent it is buried (embedded) in the bottom sediments (embeddedness percentages are taken from EPA’s RBP; see Barbour, et. al., 1999).  Generally, upon visual inspection, the stones will exhibit a characteristic ‘bathtub ring’ to the extent it has been buried in the sediment.  The number of stones inspected and the number of riffles sampled by the investigator should be enough to provide a reasonable representation of average embeddedness for the stream assessment reach.  

For example:

Mean Measurement along vertical axes of largest stones = 4 inches

Mean measurement of ‘bathtub ring’ measured from the bottom of the stones and along 

the vertical axes = 2 inches; then:
 

2 inch bathtub ring / 4 inch stone = 0.5, or 50 percent embedded


1.0   = < 25 % embedded

0.75 = 25 % < 50 % embedded

0.50 = 50 % < 75 % embedded 

0.25 = 75% >



Stream Condition Index = 0. 50

Mitigation Factors: Instream habitat may be improved in certain circumstances by the addition of appropriate instream structures.  Such structures could include additions of large woody debris, strategically placed boulders, bank-placed materials and the addition of appropriately sized gravels to riffle sections within a stream.  Identifying and correcting the source of sediment inputs to the stream may also provide mitigation.  For example, stabilizing stream banks where bank erosion is a significant contributor of excess sediment to a stream is a potential mitigation strategy.   

Note: Not all structures are suitable for all stream types and the wrong structure can cause substantial damage.  Structures not carefully matched to stream type can induce hydraulic changes that destabilize the stream.  Excess scour and erosion, excess sedimentation and/or channel aggradation are caused or exacerbated by inappropriate structures.  Therefore, it is imperative to match the structure to the natural stable characteristics of the stream’s pattern, dimension, profile, sediment load, particle distribution in bed and bank materials, etc.  Such an inventory of the stream’s morphological characteristics is critical to determining the appropriateness of a particular structure; otherwise, the success of the structures and the stream’s stability may be compromised.

GENERAL MITIGATION GOALS:   

For purposes of this methodology, the goal of stream mitigation is to replace, as much as practicable, an equal number of Stream Condition Units for each variable impacted.  A related goal is to ensure the total Stream Condition Units (TCSUs) replaced is equal to those impacted. The primary means of achieving this replacement is to improve the Condition Indices of as many of the variables within the mitigation stream reach as practicable.  Riparian Condition, Bank Erosion and Instream Habitat (variables 2, 3, and 5, respectively) are generally the most obvious and easiest variables to improve.  Opportunities to correct incised and/or channelized streams (variables 1 and 4, respectively) should be given priority when feasible because multiple gains in variable SCI’s are attainable.  Also, a natural stream design approach to correcting such problems generally results in a more stable stream channel and has the greatest likelihood of improving the condition indices of multiple variables.

Stream restoration is defined as the process of converting an unstable, altered, or degraded stream, including the adjacent areas and floodplain, to its natural conditions.  The applicant is responsible for demonstrating that the proposed compensation stream is unstable and/or requires the appropriate restoration measures, with the underlying goal to improve the stream to a more natural state, restoring stability and habitat, while addressing site constraints.  

A stable stream has the ability to transport the watershed's water and sediment in such a manner as to maintain the stream's dimension, pattern, and profile, over time, neither aggrading or degrading.  Natural stream channel design concept includes the stable dimension, pattern, and profile that fits the natural geomorphology of the surrounding landscape, and includes the correct bank stabilization structures and an appropriately sized and type of riparian buffer.

Potential natural stream channel design restoration measures may include: bank/channel stability measures, channel relocation, sinuosity restoration, bank shaping/sloping, bench features, root-wads, fiber rolls, live staking or other plantings along the bank, changes to channel elevation / slope, riffle / pool complexes, instream structures (e.g., cross vanes, j-hooks, w-weirs); reconnection to the floodplain; riparian buffer plantings; livestock limiting measures; and fish ladders and blockage removals.  Other measures may be deemed appropriate and will be considered on a case-by-case basis.

Although not generally recommended as components of natural stream channel design, the use of rip rap, gabion baskets, and other "hardening" techniques may be deemed appropriate for limited use in conjunction with natural stream channel design techniques based on site specific conditions, including site constraints.  The correct combination of restoration measures should be proposed to ensure adequate compensation for the impacts and to address the overall stability and habitat concerns of the proposed restoration site.  
All five variables are interrelated and mitigation proposals that target only one variable without addressing the others are discouraged.  For example, Riparian Condition improvement adjacent to a deeply incised stream channel and/or one that is actively eroding may have little merit if the other stream variables are not addressed.  An established riparian buffer is at risk if stream banks continue to erode.  Riparian communities isolated from over-bank flooding are generally ecologically impaired.  

Site selection is another important factor when considering a stream or stream reach for mitigation.  Streams in heavily urbanized areas should not be used as mitigation sites unless it is clearly demonstrated that environmental gains can be achieved regardless of landuse constraints and/or hydraulic modifications, or if the impacted stream reach is in a similar area and water quality improvements can be realized. Urban infrastructure can severely limit mitigation options and stormwater inputs can degrade chemical, physical and biological conditions in a stream.  However, opportunities in urban areas can occasionally exist to improve the Riparian Condition variable such that important wildlife corridors linking other habitats are enhanced and protected.  Such wildlife corridors are extremely important to a variety of wildlife species in urban environments.  Other opportunities to control non-point sources of pollution and water quality and quantity may also be available.  Streams in agricultural settings sometimes have a high potential for restoration.  Agricultural areas generally lack infrastructure impediments and opportunities for natural stream restoration techniques that restore stable stream pattern, dimension and profile are greater.  Fenced riparian exclosures can provide tremendous benefits by excluding livestock from streams seriously damaged by overgrazing.

GENERAL PROCEDURES:

1. Whenever possible, flag or mark the upstream end of the project first; then walk the stream banks downstream to the downstream end of the project taking note of the channel, streambed, stream banks, bankfull indicators, riparian vegetation and overall condition of the stream assessment reach (SAR).  

2. During this initial reconnaissance, determine if the prevalent characteristics of the stream reflect low gradient stream conditions or high gradient conditions and assess instream habitat as discussed above.  Document the methodology selected and rationale.

3. At the downstream end, start a data sheet and measure the bank height ratio (BHR) (note: BHR is measured once when a new data sheet is started at the beginning of each 100 foot sample reach).

4. Walk upstream 100 feet, filling out the data sheet for each variable (Riparian Condition, Bank Erosion, Channelization, and Instream Habitat).

5. At the 200 foot mark, begin another data sheet and record the BHR; then traverse the next 100 foot sample reach and measure each variable as before.  Continue this process, measuring the BHR and filling out a new data sheet for each 100-foot sample reach until the entire SAR is covered. 

6. Mark on an appropriately scaled map the location of each 100-foot section and the location the BHR was measured.

7. After the SCU’s have been calculated for each variable (see below), sum each variable SCU such that all Riparian Condition SCU’s are totaled, all Channel Incision SCU’s are totaled and so on until each of the five variable SCU’s have been summed.  

8. Total SCU’s (TSCU) are the summation of the five variable SCU’s.

IMPACT CALCULATION - EXAMPLE: 

SAR = 1,000 FT

1.  CHANNEL INCISION:    




STREAM CONDITION INDEX = 1.0_____

Top-of-Lowest-Bank (TOLB)                = __35.0__.

Maximum Bankfull Depth (MBD)
= __26.3  _.

Bank Height Ratio = TOLB/MBD         = ___1.3  _.
            SAR X SCI = SCU = 1,000FT X 1.0 = 1,000

1.0   = BHR < 1.5


0.75 = BHR 1.5 < 1.7


0.50 = BHR 1.7 < 2.0


0.25 = BHR 2.0 >

2.  RIPARIAN CONDITION:



                  STREAM CONDITION INDEX = 0.65              
1 foot of riparian restoration = 0.01 Condition Index increase to a maximum average of 300 feet each side of bank: 

[(width right bank + width left bank)/2] X 0.01 = CI; e.g., [(300 ft + 300 ft)/2] X 0.01 = 3.0

1 foot of riparian impact = 0.01 SCI increase to a maximum average of 100 feet each side of bank:

[(width right bank + width left bank)/2] X 0.01 = SCI;  [(75 ft + 55 ft)/2] X 0.01 = 0.65 









SAR X SCI = 1,000FT X 0.65 = 650 SCUs
3.  BANK EROSION: 





CONDITION INDEX = 0.75_____
(Length of eroding right bank + Length of eroding left bank) / (Stream Assessment Reach X 2)

(350ft + 650ft)/(1,000ft X 2) = 5%




SAR X SCI = 1,000FT X 0.75 = 750 SCUs

1.0   = < 5 % stream banks eroding


0.75 = 5 % < 30 % stream banks eroding


0.50 = 30 % < 60% stream banks eroding



0.25 = 60% > stream banks eroding

4.  CHANNELIZATION: 





CONDITION INDEX =_1.0_____  
1.0     = Channelized - NO


0.25   = Channelized 




SAR X SCI = 1,000FT X 1.0 = 1,000 SCUs
5.  INSTREAM HABITAT:





CONDITION INDEX = 1.0______
1.0  = 50 % > channel with instream habitat features – OR < 25 % embeddedness


0.75 = 30 % < 50 % channel with instream habitat features – OR 25 % - 50 % embeddedness  

0.50 = 10 %< 30 % channel with instream habitat features – OR 50 % < 75 %embeddedness

0.25 = < 10 % channel with habitat features – OR 75% > embeddedness 

measured = 65%

SAR X SCI = 1,000FT X 1.0 = 1,000 SCUs
TOTAL SCUs IMPACTED = 3,400

PRE-MITIGATION CALCULATION – EXAMPLE:

SAR = 1,000 FT

1.  CHANNEL INCISION:    




STREAM CONDITION INDEX = 0.25_____

Top-of-Lowest-Bank (TOLB)                = __47.0__.

Maximum Bankfull Depth (MBD)
= __20.5  _.

Bank Height Ratio = TOLB/MBD         = ___2.29_.
            SAR X SCI = SCU = 1,000FT X 0.25 = 250

1.0   = BHR < 1.5


0.75 = BHR 1.5 < 1.7


0.50 = BHR 1.7 < 2.0


0.25 = BHR 2.0 >

2.  RIPARIAN CONDITION:



                  STREAM CONDITION INDEX = 0.31              
1 foot of riparian restoration = 0.01 Condition Index increase to a maximum average of 300 feet each side of bank: 

[(width right bank + width left bank)/2] X 0.01 = SCI; e.g., [(37 ft + 25 ft)/2] X 0.01 = .31

1 foot of riparian impact = 0.01 SCI increase to a maximum average of 100 feet each side of bank:

[(width right bank + width left bank)/2] X 0.01 = SCI;  [(75 ft + 55 ft)/2] X 0.01 = 0.65 









SAR X SCI = 1,000FT X 0.65 = 310 SCUs
3.  BANK EROSION: 





CONDITION INDEX = 0.25_____
(Length of eroding right bank + Length of eroding left bank) / (Stream Assessment Reach X 2)

(850ft + 950ft)/(1,000ft X 2) = 90%




SAR X SCI = 1,000FT X 0.25 = 250 SCUs

1.0   = < 5 % stream banks eroding


0.75 = 5 % < 30 % stream banks eroding


0.50 = 30 % < 60% stream banks eroding



0.25 = 60% > stream banks eroding

4.  CHANNELIZATION: 





CONDITION INDEX =_0.25_____  
1.0     = Channelized


0.25   = Channelized - YES 




SAR X SCI = 1,000FT X 0.25 = 250 SCUs
5.  INSTREAM HABITAT:





CONDITION INDEX = 0.25______
1.0  = 50 % > channel with instream habitat features – OR < 25 % embeddedness


0.75 = 30 % < 50 % channel with instream habitat features – OR 25 % - 50 % embeddedness  

0.50 = 10 %< 30 % channel with instream habitat features – OR  50 % < 75 %embeddedness

0.25 = < 10 % channel with habitat features – OR 75% > embeddedness 

        measured = 7 %  







SAR X SCI = 1,000FT X 0.25 = 250 SCUs

TOTAL SCUs PRE-MITIGATION = 1,310

POST-MITIGATION CALCULATION – EXAMPLE:

SAR = 1,000 FT

1.  CHANNEL INCISION:    




STREAM CONDITION INDEX = 1.0_____

Top-of-Lowest-Bank (TOLB)                = __28.6__.

Maximum Bankfull Depth (MBD)
= __20.5  _.

Bank Height Ratio = TOLB/MBD         = ___1.4_.
            SAR X SCI = SCU = 1,000FT X 1.0 = 1000

1.0   = BHR < 1.5


0.75 = BHR 1.5 < 1.7


0.50 = BHR 1.7 < 2.0


0.25 = BHR 2.0 >

2.  RIPARIAN CONDITION:



                  STREAM CONDITION INDEX = 3.0              
1 foot of riparian restoration = 0.01 Condition Index increase to a maximum average of 300 feet each side of bank: 

[(width right bank + width left bank)/2] X 0.01 = SCI; e.g., [(300 ft + 300 ft)/2] X 0.01 = 3.0

1 foot of riparian impact = 0.01 SCI increase to a maximum average of 100 feet each side of bank:

[(width right bank + width left bank)/2] X 0.01 = SCI;  [(75 ft + 55 ft)/2] X 0.01 = 0.65 









SAR X SCI = 1,000FT X 3.0 = 3000 SCUs
3.  BANK EROSION: 





CONDITION INDEX = 1.0_____
(Length of eroding right bank + Length of eroding left bank) / (Stream Assessment Reach X 2)

(25ft + 35ft)/(1,000ft X 2) = 3%




SAR X SCI = 1,000FT X 1.0 = 1000 SCUs

1.0   = < 5 % stream banks eroding


0.75 = 5 % < 30 % stream banks eroding


0.50 = 30 % < 60% stream banks eroding



0.25 = 60% > stream banks eroding

4.  CHANNELIZATION: 





CONDITION INDEX =_1.0_____  
1.0     = Channelized - No


0.25   = Channelized - 




SAR X SCI = 1,000FT X 1.0 = 1000 SCUs
5.  INSTREAM HABITAT:





CONDITION INDEX = 1.0______
1.0  = 50 % > channel with instream habitat features – OR < 25 % embeddedness


0.75 = 30 % < 50 % channel with instream habitat features – OR 25 % - 50 % embeddedness  

0.50 = 10 %< 30 % channel with instream habitat features – OR  50 % < 75 %embeddedness

0.25 = < 10 % channel with habitat features – OR 75% > embeddedness 

        measured = 75%  







SAR X SCI = 1,000FT X 1.0 = 1000 SCUs

TOTAL SCUs POST-MITIGATION = 7000

MITIGATION NET GAIN:  Post-mitigation SCU – Pre-mitigation SCU

7,000 SCU – 1,310 SCU = 5,690 SCU Net Gain

MITIGATION CREDIT: Mitigation SCU – Impact SCU
5,690 SCU – 3,400 SCU = 2,290 SCU Mitigation Credit
Mitigation Credit for Preservation-Only: 

Preservation as mitigation, since it generally involves only the protection of the stream and its’ buffer through an appropriate real estate instrument such as a deed restriction, is calculated as follows:


(SAR X Riparian SCI) X 0.2 = SCU Preservation Credit

For Example:
SAR = 1,000 feet

Riparian Buffer preserved on each stream bank = 50 feet

Riparian SCI = [(Right Bank 50 + Left Bank 50)/2] X .01 = 0.5; then:


(1000 X 0.5) X 0.2 = 100 SCU preservation credit

As with riparian restoration, mitigation credit is given for every foot of riparian buffer width preserved to a maximum average width on each bank of 300 feet such that:


(1000 X 3.0) X 0.2 = 600 SCU maximum preservation credit

The rationale of using a 0.2 multiplier reflects the fact that only 1 variable out of 5 is addressed; and no improvements to any of the other variables, including the Riparian Condition variable, are proposed.

In-kind vs. Out-of-kind Stream Mitigation – Stream Order and Slope Considerations:

Another factor considered in the calculation of the stream condition index (SCI) and stream condition units (SCU) are the size, or stream order, and slope of the stream impacted versus the size and slope of the stream where mitigation is proposed.  In general, mitigation should occur on a stream of the same size and slope as impacted.  

Mitigation for impacts to a Third Order stream with a 2 percent slope should be done on a stream of the same Order and slope.  First and Second Order streams are similar enough in function that mitigation for impacts can be interchangeable, provided the slopes are similar.  However, Third Order streams and higher are sufficiently dissimilar in function that mitigation for impacts to First and Second Order streams will generally not be considered.  Also, streams may be relatively similar in size but have sufficiently different slopes as to also exhibit entirely different functions. (note this may not be possible to achieve)

8.  Mitigating higher Order stream impacts (i.e., 3rd Order Stream) on lower Order streams (i.e., 2nd Order Stream) are calculated as follows:

(Impact stream width/mitigation stream width) X (impact-SCU’s) = mitigation-SCU’s

For example:

Impact stream width @ bankfull       = 10 ft (Third Order Stream)

Mitigation stream width @ bankfull = 5 ft (Second Order Stream)

Riparian Condition impacts               = 92.5 impact-SCU’s

(10 ft / 5 ft) X (92.5 impact-SCU’s) = 185 mitigation-SCU’s required

(Note:  The TSCU’s and each individual variable SCU’s are used when making this determination).
Lower Order stream impacts (e.g., 2nd Order Streams) mitigated on higher Order streams (e.g., 3rd Order Streams) are calculated at 1:1 such that one mitigation SCU on a higher Order stream is required for each SCU of impact to a lower Order stream.  For example, 92.5 impact-SCU’s on a 2nd Order Stream may require 92.5 mitigation-SCU’s on a 3rd Order Stream. 

In addition to stream order, stream slope is another important factor in determining in-kind versus out-of-kind mitigation.  Channel slope influences such morphological characteristics as hydraulics, sinuosity, particle size distribution of bed and bank materials, and the array of pools, riffles steps and runs.  The following slope breaks are generalizations of morphological changes in stream types as slopes increase:  

Slope < 2 percent;

Slope > 2 percent but < 4 percent;

Slope > 4 percent.

Streams or stream reaches selected for mitigation should match, as closely as possible, the slope of the impacted stream as well as stream order.  For example, impacts to a 2nd order stream (as above) with a slope of less than 2 percent mitigated on a 2nd order stream with slopes greater than 2 percent is considered out-of-kind mitigation and dealt with on a case-by-case basis.
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