SURFACE WATER POTENTIAL SUSCEPTIBILITY ANALYSIS

RISK RANKING MATRIX

PREFACE

During 1997, a Source Water Vulnerability Assessment Team, Source Water Protection Branch, USEPA Region 6, developed an index and overlay method for evaluating the relative vulnerability of the Region 6 states to source water contamination.  The source water assessment addressed both ground water and surface water that supply public water systems.  The results are detailed in "Source Water Vulnerability Assessment" dated November, 1997.  EPA Region 6 Source Water Protection Branch approached Louisiana in July of 1998 with an offer to use methods developed by the team on a state specific study, namely Louisiana.  A cooperative partnership was entered into whereby Louisiana would not have to “reinvent the wheel” so to speak.   A member of that team is currently working on a similar project with the scope of interest being surface water susceptibility for drinking water sources in the state of Louisiana.  The methodology for assessing Louisiana surface water potential susceptibility draws from the team’s previous regional work.

THE DRAFT SUSCEPTIBILITY ANALYSIS DOCUMENT (SAD)  - EPA

DATED 12/3/98

This guidance restates what the states' susceptibility analysis should contain:

1.
Integrity of Wells and Surface Water Intakes

2.
Sensitivity of the Setting


a.  Influences of Natural Features (e.g. slope, runoff)


b.  Influences of Human Activity (e.g. land use)

3.
Identifying Significant Potential Sources of Contamination

4.
Relationship Among Significant Potential Sources of Contamination, Sensitivity of the Setting and Intake Integrity 

LOUISIANA'S APPROACH TO THE FOUR FACTORS

STRUCTURAL INTEGRITY   (SI) (10 %)

A SENSITIVITY FACTOR

     The Louisiana Department of Health and Hospitals does not have the age of surface water intakes in their records.  The most practical way to quantify structural integrity of intakes is through an age ranking system as was done for wells in the ground water portion of the SWAP.  We find that the use of downhole cameras or below water inspections is not being done in Louisiana, likely due to cost factors.   We will determine the age of intakes and any other pertinent information relative to intakes during our contact with the water system.    Once we determine the range of system ages, we will set up a 1 to 10 age ranking as we did for public water supply wells as shown in the Ground Water Potential Susceptibility Analysis Risk Ranking Matrix in Appendix Q.  If data for any sensitivity component is unavailable the default will be 10.    See this category in the Calculation Summary that follows.

NATURAL FEATURES FROM DATABASES  (NFFD) (40 %) 

 A SENSITIVITY FACTOR

Influence of Natural Features

As mentioned in the preface above, this format is based on the EPA Region 6 study. We will rank the sensitivity categories once range limits have been determined from the EPA study.

1.  
Length of streams in the Source Water Protection Area (SWPA) 
(30 %)

2.
Runoff

(70 %)


a.  Precipitation


b.  Slope


c.  Vegetative cover


d.  Soil permeability

Since surface water sources are open to the atmosphere, they are considered inherently sensitive.  However, data collected from each system during the source water assessments will be used to develop a comparative sensitivity ranking among surface water systems.

The sources for the coverage of natural features are as follows:

1. Structural integrity of the intake – inferred from the age of the intake.  The older the intake, the higher the sensitivity.  This information will be derived through interviews with water supply personnel.

2. Length of streams in the source water protection area - the assumption is that there is a greater potential for negative impact on surface water when the length of rivers and streams in the area is high.  The stream data will be obtained from the U.S. Geological Survey 1:100,000 Digital Line Graph (DLG) data.

3. Runoff – there is greater potential for negative impact on the surface water when the runoff is high.  Factors that influence runoff are precipitation, slope, vegetative cover, and soil permeability.  High precipitation, steep slope, low vegetative cover, and low soil permeability contribute to high runoff.  The precipitation data will be obtained from the Louisiana Office of State Climatology, Southern Region Climate Center at Louisiana State University.  The slope data will be obtained from the U.S. Department of Agriculture Soil Conservation Service soils geographic database (STATSGO).  The vegetative cover data will be obtained from the U.S. Geological Survey GAP data, and in house land use maps.  Soil permeability data will be obtained from the State of Louisiana Aquifer Recharge Potential Map prepared for DEQ by the Louisiana Geological Survey, and from the U.S. Department of Agriculture, Soil Conservation Service, soil surveys.   

Again, see this category in the Calculation Summary that follows.

ANTHROPOGENIC FACTORS FROM DATABASES  (AFFD)

VULNERABILITY FACTOR  (25 %)

CRITICAL AREA (20 %) and NON-CRITICAL AREA (5 %)

reflecting the four times weighting of the critical area over the non-critical area for source water protection areas at the top of page 5 (.8 and .2 multipliers).

For streams and rivers, the Critical Area is defined as the area 1000 feet on either side of the stream for a distance of five miles upstream from the intake as determined by a 5- mile radius around the intake.

For lakes and reservoirs, the Critical Area is defined as the area 1000 feet from the shoreline of the water body.

Non-Critical Areas are the areas outside the Critical Areas outward to the boundary of the Source Water Protection Area.  The outward boundary has two designations:

1. The Source Water Protection Area from the critical area to the boundary of the delineated area as determined by DEQ field personnel. 

2. The Source Water Protection Area from the boundary of the delineated area to the edge of the watershed or the state line, whichever comes first.  An inventory for significant potential sources of contamination will not be conducted for this area.

For surface water, there are two lists of significant potential sources of contamination.  One contains SPSOC that will be identified from database information and the other one contains SPSOC that will be located by ground truthing in the field.  Those lists are attached as a part of this matrix on pages 10 and 11.  The database list shown on page 10 will be used under this category.   A database search will be done individually for the critical and non-critical areas.  The data generated by the database search of the critical area will carry four times the weight (80 % vs. 20 %) of the data generated by the database search of the non-critical area for each SWPA.

We intend to use the following individual factors for which we currently have statewide coverage and / or databases:

1.
Land Use / Land Cover


2.
Road Length




3.
TRI Sites




4.
CERCLA Sites




 5.
Other Inactive and Abandoned Sites

 6.
Railroads

 7.
Oil and Gas Pipelines




8. RCRA Sites

9. Chemical/ Industrial Plant Discharge

10. Solid Waste Disposal


Other factors may be added if additional databases are developed during the term of the program.

For each SWPA, the factors listed above will be analyzed in a two-step process, once for the critical area and another time for the non-critical area:

1. For the critical area of each SWPA, the GIS will compute a density (e.g. miles of railroads per square mile of critical area of its SWPA) for each factor.  At the completion of the database searches of ALL critical areas for ALL SWPAs, the ranges of the densities for each individual factor for all SWPAs will be assigned a rank between 0 and 10 by applying the logarithmic formula described in Section 6.3.2 of the document.

2. 
For the non-critical area of each SWPA, the GIS will compute a density (e.g. miles of railroads per square mile of non-critical area of its SWPA) for each factor.  At the completion of the database searches of ALL non-critical areas for ALL SWPAs, the ranges of the densities for each individual factor for all SWPAs will be assigned a rank between 0 and 10 by applying the logarithmic formula.  For example, RCRA sites may be ranked as a 3.

A weighting coefficient will be applied to each category as determined by the Louisiana Source Water Assessment Team after the database list is finalized.  As an example, the coefficients may be:

1.
Land Use / Land Cover (LULC)


20 %


2.
Road Length (RL) 




15 %

3.
TRI Sites (TRI)




10 %

4.
CERCLA Sites (CERCLA)



10%

5.
Other Inactive and Abandoned Sites (IAS)

10%




6.
Railroads (RR)




10 %

7.
Oil & Gas Pipelines (OGP)



10%

 
              

8.
RCRA Sites (RCRA)




  5%


9.
Chemical/Industrial Plant Discharge (CIP)

  5 %

10.
Solid Waste Disposal (SWD)


 
  5 %

Using the above coefficients, the following calculation would be performed once for the Critical Areas, and again for the Non-Critical Areas of each Source Water Protection Area:

AFFD (Critical Areas) = (.2 * LULC) + (.15 * RL) + (.1 * TRI) + (.1 * CERCLA) +

 (.1 * IAS) + (.1 * RR) + (.1 * OGP) + (.05 * RCRA) + (.05 * CIP) + (.05 * SWD)

AFFD (Non-Critical Areas) = (.2 * LULC) + (.15 * RL) + (.1 * TRI) + (.1 * CERCLA) + 

(.1 * IAS) + (.1 * RR) + (.1 * OGP) + (.05 * RCRA) + (.05 * CIP) + (.05 * SWD)

As mentioned earlier, RCRA sites could be a ranked as a 3 after statewide ranges have been established for the above database categories, and this number would be placed where RCRA is in the calculation.

The following calculation will then be done by the GIS to arrive at the value for "Anthropogenic Factors from Databases" (AFFD):

AFFD = (.8 *AFFD (Critical Areas)) + (.2 * AFFD (Non-critical Areas)

This process calculates a vulnerability number for the database search that is highly sensitive in the critical area of each SWPA.

See the Calculation Summary that follows for further calculation discussion and a hypothetical example of a water system potential susceptibility analysis.

ANTHROPOGENIC FROM GROUND TRUTHING  (AFGT) (25%)

A VULNERABILITY FACTOR

This was not done in the EPA Region 6 study, however it is a major factor in the Wellhead Protection Program and is to be used in the Ground Water Potential Susceptibility Analysis Risk Ranking Matrix.   It first involves ranking the risk of significant potential sources of contamination as High, Medium, or Low regarding the potential to contaminate surface water.  The list of SPSOC that will be located by ground truthing in the field (shown on page 11) will be used under this category.  Next, the proximity of the activity is considered (the potential to contaminate decreases as distance from shoreline increases).  Finally, the score is divided by the area of the delineated Source Water Protection Area in square miles to be able to compare relative susceptibility among systems. 

Weighting of Significant Potential Sources of Contamination

A five-tier approach will be used to rate significant potential sources of contamination according to their distance from the water body.  Significant potential sources of contamination within 1000 feet of the water body are considered most critical, and five tiers will be utilized inside of 1000 feet as follows:

Distance from Water Body

Significant Potential Source of Contamination






High

Medium
Low

0'         -   200' 


25

12.5

2.5

>200'  -    400'


20

10.0

2.0

>400'  -    600'


15

  7.5

1.5

>600'  -    800'


10

  5.0

1.0

>800'  -  1000'
  

5                        2.5                 0.5

A comparison will be made for all surface water systems.  For example, an aboveground 1000-gallon diesel tank would be a high-risk activity whereas a car wash would be considered a low risk activity.  The above ground storage tank would then score from 25 (close to the water body) to 2.5 (>800' but < 1000' from the water body).   The car wash would score from 2.5 to .5 depending on its proximity to the water body.  Again, the assumption is that higher densities of these activities have more potential to negatively impact the quality of surface water.  Refer to the above example of Weighting of Significant Potential Sources of Contamination and the Example of Surface Water Vulnerability Number Calculation on page 8.   The critical area around lakes and reservoirs is 1000 feet.   We will ground truth the entire delineated area in the case of ground water systems, but will use a database search from 1000 feet to the boundary of the delineated area for lakes and reservoirs.   With regard to rivers and streams, we will use the same approach for the 1000-foot setback from the stream or river, i.e. ground truthing of significant potential sources of contamination (PSOC) for a distance of 1000 feet from either side of the stream or river.   We will then do a database search for PSOCs within the drainage area delineated by DEQ regional personnel.  This inventory procedure will apply to a distance defined upstream by a radius of 5 miles around the intake.  Again, the example of Weighting of Significant Potential Sources of Contamination above and the Example on page 8 apply to rivers and streams as well as lakes and reservoirs.  This accounts for types of SPSOC and their distance from the source water used as a drinking water supply.

POTENTIAL SURFACE WATER SUSCEPTIBILITY RANKING (PSWSR)
In each of the above categories, the results are divided into ten ranges as described in the Potential Susceptibility Ranking System in Section 6.3.2 of Chapter 6 in the document.  Each range is then assigned a rating from one to ten (ten representing highest potential susceptibility) based on the spread of the numbers.  The final Potential Surface Water Susceptibility Ranking (PSWSR) for each system is then calculated as follows:

PSWSR = (SI * 0.1) + (NFFD * 0.4) + (AFFD * .25) + (AFGT * .25) where:

SI  

=
Structural Integrity

NFFD  
=
Natural Features from Databases

AFFD
            =
Anthropogenic Influences from Databases

AFGT  
=
Anthropogenic Influences from Ground Truthing

and the multiplier is the weighting factor.

These PSWSRs can then be further divided into ranges from 1 to 10 to determine which water systems to prioritize for protection activities. It should also be noted that the arbitrary weighting of the individual indices is a collective decision made by the DEQ personnel.  

The Potential Susceptibility Analysis Risk Ranking Matrix addresses the four factors described in the SAD.  Intake integrity is covered under the age criteria.  Natural feature influences are covered under stream length, slope, runoff, vegetative cover, and surface soil permeability.  Influence of human activities and identifying significant potential sources of contamination are covered under database searches and ground truthing. 

Diagrammatic Example of Surface Water Vulnerability Number Calculation

Critical Area


Using the Surface Water Supply Protection Areas diagrammatic example which follows, the vulnerability number based on Anthropogenic Data from Ground Truthing would be calculated as follows for the Critical Area:

Significant Potential


Distance from
Points 

Source Of Contamination

Water


Assessed
#1 - Underground Storage

 15'


25

        Tank




#2 - Car Wash



500'


1.5

#3 - Boat Repair Shop


950'


2.5

#4 – Promiscuous Dump

375'


10.0

#5 - Gravel Pit



775'


1.0

#6 - Dry Cleaner


900'


5.0

TOTAL POINTS





45.0

Assume that the Critical Area is five (5) square miles.  The point density for Ground Truthed Anthropogenic Significant Potential Sources of Contamination would be 9.0 points per square mile (45/5).  After all Ground Truthing is completed for all Surface Water Critical Areas, this number would be ranked from 1-10 by applying the  logarithmic formula in Section 6.3.2 of the document. 

Again, using the Surface Water Supply Protection Areas diagrammatic example which follows, the vulnerability number based on Anthropogenic Data from the Database Search would be calculated as follows for the Critical Area:

No Significant Potential Sources of Contamination from a Database Search fall inside the Critical Area.  This would generate a point density of zero. 

Non-Critical Area

Using the Surface Water Supply Protection Areas diagrammatic example, the vulnerability number based on Anthropogenic Data from the Database Search would be calculated as follows for the Non-Critical Area:

Assume that the Non-Critical Area is 25 square miles.  There is one RCRA facility in the Non-Critical Area as determined by a database search, resulting in a point density of .04 points per square mile (25/1).  After all database searches are completed for all Surface Water Non-Critical Areas, this number would be ranked from 1-10 by applying the logarithmic formula discussed in Section 6.3.2 of the document.  The same calculation would be performed for all factors such as railroads, highways, CERCLA sites, etc.  

Finally, the computation described in the Surface Water Potential Susceptibility Analysis Risk Ranking Matrix would be applied to arrive at a final Vulnerability Number that takes into consideration ground truthing within the Critical Area and Database Searches inside the Critical and Non-Critical Areas.  Ground truthing and database searches each contribute 25 % of the final Susceptibility Analysis.  80 % of the Database Search number is derived from the Critical Area while the remaining 20 % is derived from the Non-Critical Area.   The remaining 50 % of the final Susceptibility Analysis consist of Natural Features from Databases (40 %) and Structural Integrity (10 %).
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SIGNIFICANT POTENTIAL SOURCES OF CONTAMINATION AFFECTING SURFACE WATERTO BE IDENTIFIED BY DATABASES

Higher Risk

Pesticide Applications (infer from landuse)

Traffic and Transportation Accidents/Spills (infer from transportation data)

Urban Runoff (infer from landuse)

Medium Risk

Inactive and Abandoned Sites (LASRIS database)

Industrial Area Runoff (infer from landuse)

Pipelines (petroleum and chemical) (Transportation/line data)

Superfund Sites (LASRIS)

Lower Risk

Chemical/Industrial Plant Discharge Outfalls  (LPDES, NPDES)

Solid Waste Disposal Facilities (Landfills)

Storage Facilities (petroleum and chemical) (RCRA)

Line Potential Sources of Contamination

Railroads, Pipelines, Roads, and Hazardous Waste Transportation Routes are Line Potential Sources of Contamination subject to spills and leaks.  They will be rated based on a pertinent number per square mile in the delineated area.  
* Other important but not quantifiable considerations at this time include natural occurrences, saltwater intrusion, silviculture, recreational use, and septic systems. 

SIGNIFICANT POTENTIAL SOURCES OF CONTAMINATION AFFECTING SURFACE WATER TO BE GROUND TRUTHED 

Higher Risk

Above Ground Storage Tank

Agriculture Chemical- Formulation/Distribution


(pesticide/insecticide)

Animal Feed Lots/Dairies

Battery Recyclers

Body Shop/Paint Shop

Bridges and Bridge Abutments

Class V Injection Wells

· Motor Vehicle Waste Disposal Wells

· Industrial Waste Disposal Wells

· Large Capacity Cesspools

Chemical Plant

Dry Cleaner/Laundromat

Military Facility

Petroleum (includes bulk plants)

Truck terminal

Underground Storage Tank

Wood Preserving Plant
Medium Risk

Airport 

Auto/Boat/Tractor/Small Engine Shop

Furniture Stripping

Injection Wells (other than Class V)

Plant Nursery

Promiscuous Dump

Railroad Yard - Switching

Railroad Yard- Loading and Offloading

Railroad Yard- Maintenance

Sewer Treatment Plant
Lower Risk

Asphalt Plant

Car Wash

Cemetery

Funeral Home

Golf Course

Hospital

Irrigation Well

Lumber Mill

Marina

Metal Plating/Metal Working

Nuclear Plant

Oxidation Pond

Paper Mill

Pipeline Compressor Stations

Port Facilities

Power Plant

Printing Shops

Salvage Yard

Sand and Gravel Pits

Sanitary landfill (active or inactive)

Sewer Lift Station

Ship Building Operations 

** Any facility type listed here that is found in a database should be checked for data accuracy but should be counted under the database inventory.  It SHOULD NOT be counted under both the ground truth survey and the database search.

CALCULATION SUMMARY

POTENTIAL SUSCEPTIBILITY ANALYSIS RISK RANKING MATRIX FOR SURFACE WATER SYSTEMS

SURFACE WATER - SENSITIVITY

AGE OF INTAKE   10%

A 1 to 10 (10 is the worst and 1 is the best) ranking will be determined for each water system based on statewide rankings of age of intakes.  This figure will carry 10% of the Potential Susceptibility figure for each water system.

NATURAL FEATURES - DATABASE   40%

Again, a 1 to 10 ranking will be determined for each water system based on statewide rankings for stream or river length per unit area and runoff in the source water protection area.  Runoff rankings will be determined from the sum of its components after each of them is ranked.  Then the ranking will be determined for runoff based on statewide rankings. The stream or river length and runoff rankings will be multiplied by the weighting coefficient for each (30% and 70%).  This figure for each water system will then account for 40% of the Potential Susceptibility figure for each water system.  Then a 1 to 10 ranking will be applied again by comparing all systems statewide.


Stream Length 30%


Runoff             70%



Precipitation



Slope



Vegetative Cover



Soil Permeability
SURFACE WATER  - VULNERABILITY

ANTHROPOGENIC – DATABASE   25%

Critical Area = 20% (Reflecting 4 times weighting @ 80% for critical area calculations vs. non - critical area @ 20% as shown on page 5).

Non-Critical Area = 5%

A weighting coefficient based on SPSOC categories is applied for a total of 100% (see the example on page 4).

For each critical and non-critical area in each SWPA the density per square mile for each SPSOC is determined.  

When all systems are completed a comparative analysis is done whereby each SPSOC figure (e.g. RCRA sites) is ranked by the 1 to 10 ranking formula for the critical area for that water system and the non-critical area for that water system based on statewide density rankings.  Once these figures are determined they are multiplied by the weighting coefficients (discussed above and shown on page 4 ).  Then this weighted total of the SPSOC for each water system is determined by critical area and non-critical area (see page 5).

To reflect the higher vulnerability of the critical area, the total of the SPSOC (discussed immediately above) is multiplied by 80% and the total of the SPSOC for the non-critical area by 20% (page 5).   This is the input information for determining the figure for the Anthropogenic Database vulnerability for each water system.  This figure is then broken into the 1 to 10 ranking based on statewide comparison and will represent 25% of the Potential Susceptibility figure for each water system.

ANTHROPOGENIC - GROUND TRUTHING   25%


Based on the risk factors for SPSOC and their distance from the waterbody, figures are totaled (see page 7) for a water system in the ground truth area.  After all ground truthing is completed for all surface water critical areas, the figure referred to above is ranked from 1 to 10 based on statewide rankings.  This figure will carry 25% of the Potential Susceptibility figure for each water system.

POTENTIAL SUSCEPTIBILITY RANKING STATEWIDE

The potential susceptibility ranking of each surface water system relative to other water systems in the state can then be determined from the above information using the formula that divides the data into rankings from 1 to 10.  This ranking will then determine which water systems to prioritize for protection activities with 10 being the worst and 1 the best.

EXAMPLE CALCULATION FOR ONE WATER SYSTEM USING THE CRITERIA 

(HYPOTHETICAL)

THE GIS WILL PERFORM THE FOLLOWING CALCULATIONS:
Age of Intake   10%  

Based on statewide ages relative to this system, after applying the ranking formula, this system ranks a 3.  Therefore, the Age of the Intake ranking for this system is 3 * .10 = .3.  

Natural Features – Database   40%

Stream Length = 4, after applying the ranking formula to statewide stream data.

Runoff  - after applying the ranking formula to statewide data for each of the following:


Precipitation = 6 


Slope = 3 


Vegetative Cover = 2 


Soil Permeability = 5

Total  (Runoff) = 16

Runoff = 5 after applying the ranking formula to statewide runoff data.

Stream Length = 4 * .30 (weighting) = 1.2

Runoff = 5 * .70 (weighting) = 3.5

Total = 4.7 and after applying the ranking formula to statewide natural features data = 5

The Natural Features – Database ranking for this water system is 5 * .40 = 2.
Anthropogenic - Database   25%

Critical Area

Land Use/Land Cover = 7, Road Length = 4, etc. (as shown below) after applying the ranking formula to statewide data and this figure is multiplied by the weighting coefficient of 20% (See page 4).  This methodology is applied below.

Land Use/Land cover = 7 * .20 = 1.4

Road Length               = 4 * .15 = 0.6

TRI Sites                    = 2 * .10 = 0.2

CERCLA Sites           = 1 * .10 = 0.1

IAS Sites                    = 3 * .10 = 0.3

Railroads                    = 4 * .10 = 0.4

RCRA Sites               = 5 * .10 = 0.5

Oil & Gas Pipelines   = 5 * .05 = 0.25

Chemical/Industrial    = 6 * .05 = 0.3

Solid Waste Disposal = 2 * .05 = 0.1

Total                                              4.15

Non-Critical Area


Assume = 2.15 using same methodology as above.

Critical Area  = 4.15 * .80 (weighting) = 3.32

Non-Critical Area = 2.15 * .20 (weighting) = .43

Total                                                          = 3.75

Using the ranking formula on a statewide basis for this category, 3.75 = 5.

The Anthropogenic – Database ranking for this water system = 5 * .25 (category weighting) = 1.25
Anthropogenic – Ground Truthing   25%

Using the example on pages 8 and 9, the ground truth ranking is 9.

Using the ranking formula on a statewide basis for this category, 9 = 6.

The Anthropogenic – Ground Truthing ranking for this water system = 6 *.25 (category weighting) = 1.5

POTENTIAL SUSCEPTIBILITY RANKING STATEWIDE

Age of Intake = .3 

Natural Features Database = 2 

Anthropogenic – Database = 1.25
Anthropogenic – Ground Truthing = 1.5 

Total = 5.05

The number 5.05 for this water system is compared to the final number of all of the other surface water systems using the ranking formula on a scale of 1 to 10.  Based on where this system ranks relative to the rest of the systems, it is prioritized for water system protection activities, with 10 being the worst (most in need of protection activities) and 1 being the best (lower priority for protection activities).

1
6

