Comments on Draft Pollution Limits (TMDLs) in the WV Watershed Draining Directly to the Potomac

Stewards of the Potomac Highlands, PO Box 455, Wardensville WV 26851 also signs onto these comments

which were emailed 3/15/2007 by

Paul Burke, PO Box 1320, Shepherdstown WV 25443, tmdl@NumbersInstitute.com
Wm. Kelly Baty, C.P.G., Hydrogeologist, 4704 Kabletown Rd, Charles Town WV 25414 Kelly.Baty@loudoun.gov
Dedicated to the spineless wonders: invertebrates who support most aquatic life & cannot comment

Substantial and impressive work has been done to model and quantify a myriad of pollution sources. This work should be a valuable reference for years to come in understanding the sources & destinations of pollution in our watersheds. (Total Maximum Daily Loads for Selected Streams in the Potomac Direct Drains Watershed, West Virginia Draft Report, by Tetra Tech, February 2007, www.wvdep.org/wvtmdl )

One aspect still needs significant work: sewer pipe leaks need to be modeled. Other corrections are also needed: proposed distributions need to be valid & feasible; wildlife estimates need to include dry weather; septic failures need corrected figures; net water flows need to be addressed; statements about control efforts and new sewer treatment need to be corrected; and omitted streams need to be included. All these are addressed below.

1. A complete TMDL needs to include fecal coliform from leaking sewer collection pipes. Sewer leaks are prohibited just as septic leaks are (p.35) so they need to be modeled and treated equally. 

Neither the responsible entity, WV Department of Environmental Protection (DEP), nor the author, Tetra Tech, can turn a blind eye to sewer pipe leaks. These are significant sources of instream bacteria during periods of low rain. 

If sewer leaks are omitted because they are prohibited and dealt with by enforcement, then septic leaks also would need to be omitted on the same basis, and dealt with by enforcement. Neither omission is reasonable, because sewers and septics can indeed leak and generate the baseline loads in the model.

EPA and the National Environmental Services Center at WVU list leaking sewer pipes on a par with failed septic systems as sources of fecal contamination: 

"Fecal contamination can reach groundwater sources, including drinking water wells, from failed septic systems, leaking sewer lines, and by passing through the soil and large cracks in the ground" 

This wording is in three important documents: 

On Tap, Fall 2006, p.10,

http://www.epa.gov/safewater/disinfection/gwr/basicinformation.html#four and

http://www.epa.gov/safewater/disinfection/gwr/pdfs/fs_gwr_finalrule.pdf 

EPA makes the same point in, National Beach Guidance and Required Performance Criteria for Grants, p. 11. Elsewhere an EPA issue paper written by American Water Works Service Company lists leaking sewer pipes alone as the leading source of underground bacteria (EPA Distribution System Issue Paper, The Potential for Health Risks from Intrusion of Contaminants into the Distribution System from Pressure Transients, p.14).
DEP does recognize that sewers have widespread inflow and infiltration problems. In particular DEP recognizes that Jefferson County Public Service District sewer pipes leak (e.g. 5/16/06 responsiveness summary on JCPSD permit WV0084361). Several miles of JCPSD collection pipes are in the Elks Run watershed. Their sewer customers are shown on Tetra Tech's map, but the much more important miles of connecting pipes are inexplicably omitted from the map. The map misses the point: it's the pipes which leak, much more than the customers. The Elks Run watershed also includes very old collection pipes in private systems in the neighborhoods of Shenandoah Junction and southern Fox Glen.

Cracks have no valves, so if they allow infiltration in wet weather, they also allow exfiltration in dry weather. Cracks in pipes and connections leak raw sewage into groundwater, as acknowledged by the EPA sources above. The groundwater in the Elks Run watershed is typically over 20' below the sewer pipes (Hobba, 1978, Groundwater Hydrology of Jefferson County), so groundwater does not create hydrostatic pressure to direct flows inward.

Tetra Tech has a good starting point for modeling leaks in sewer collection pipes, at 47CSR31App.B-A-2.2. This DEP rule estimates leaks at " SEQ CHAPTER \h \r 1200 gallons per inch diameter per mile per day." Applying this formula would depend on having utilities' pipe maps in Tetra Tech's GIS system to derive how many miles of each pipe diameter are in each watershed. A few samples at manholes would give figures on bacteria concentrations. 

Table 1 uses this approach to give an order of magnitude estimate of sewers' baseline loads. The estimate is 354 trillion (3.54E+14) fecal counts per 100 sewered houses per year. This estimate shows sewers are one of the largest sources of fecal coliform. It assumes typical spacing of houses on both sides of a street, sharing a local collection pipe, which leaks at the DEP rate of 200g/imd. 

This order of magnitude is an underestimate, and Tetra Tech can clearly improve it. Table 1 underestimates the lengths (and therefore leaks) of main collection pipes carrying local flows to treatment, since Table 1 uses system ratios from Shepherdstown, much denser than the rural Elks Run area. Furthermore, old systems leak much more than this estimate, which is based on DEP's rules for new systems.

When raw sewage does leak from collection pipes into groundwater, it flows into streams, contributing to fecal coliform pollution there. An extensive local study found dozens of pipe leaks in the joint sewer system which includes JCPSD (10/97 Charles Town Sewer System Evaluation Survey; I am sure DEP still has its copy; if not I can provide one). 

The TMDL Draft Report itself, on p.36, says Martinsburg installed "cure-in-place pipe," confirming that pipe leaks have been a problem in the Opequon watershed too. Perhaps those problems are now 100% fixed, and sewer flows do not increase there after a rain?

It is striking that many impaired streams are in sewered areas. The Tetra Tech assumption that all fecal coliform in periods of low flow comes from failed septic systems has no basis in evidence, and in fact is contrary to the evidence that there are perennial leaks in collection pipes of central sewer systems.

2. A report which requires reductions of 89% and 100% is not valid. The draft distribution is a "Kill Cows & Abandon Houses" distribution, which is not reasonable for the Eastern Panhandle. A central function of the report is to distribute loads among pollutant sources, and when it distributes so little load to some sources that it implies 89% and 100% reductions (Table 2), it is not a workable report.

Reducing any nonpoint problem by 100% is unrealistic, and even 89% reductions in fecal coliform from pasture land are unrealistic, except by slaughtering the cows. When sewer pipe leaks are recognized as another source, they can provide some of the reduction needed, since sewer pipes are compact enough to fix effectively, and other sources can have more plausible limits. 

Prohibition of a source does not justify setting its final load at zero. Bad checks and uncollectibles are also illegal, but accountants keep a minimal allowance for them, or the accounts would be false.

Septic systems could be treated the same as sewer permits, and allowed average concentrations equal to the water quality standard.

3. The Report needs to recognize that some fecal contamination comes from wildlife even in the absence of rain to wash bacteria into the stream. The Technical Report says that wildlife, with agriculture and urban runoff, "were modeled as precipitation-driven sources" (p.29). However wildlife also contribute fecal coliforms to streams in dry weather; they defecate directly in streams while drinking. 

The Technical Report acknowledges that its model of wildlife contamination during wet weather comes from studying just one storm at one site in Kanawha County (p.43). This narrow experience is a start. What is the fecal concentration in that stream in dry weather?

4. The Report needs to correct the septic failure rates shown on p.14 of the Report and p.33 of the Technical Report, to one hundredth or less of the rates shown, to be consistent with its own data. The Technical Report finds that the figures on p.33 would generate estimates of instream bacteria over 100 times too high (p.43). The calibration therefore tries to match stream data by adjusting concentrations down to 527 per 100ml. Raw sewage has 6,400,000 per 100ml, not 527 (source in Table 1), so the error has to be in the estimated failure rate of septic systems, not the effluent concentration. 

The Jefferson County Health Department estimates septic failures at fractional percentages in the areas of the Teague & Elks watersheds. Tetra Tech's map showing areas of different septic failure rates bears no relation to the Health Department reports of septic failure areas.

To say 21% of septic systems in the Elks Run watershed are failing (Technical Report App.D), with sewage flowing on the land surface at this many sites, all year, every year, is absurd. Find them! (Another 12% are called "seasonal failure"; find them too!)

The Report's failure rates need to be corrected. Neither the Report (p.14) nor the Technical Report (p. 32) gives a source for the failure rates used, except it was "West Virginia pre-TMDL monitoring and source-tracking data." 

When leaking sewer pipes and wildlife are introduced as other sources of bacteria during periods of low flow, septic failure estimates will need to drop even farther.

The lack of reality is confirmed by the unbelievable range of concentrations which Tetra Tech estimated for different septic flows, from 1,444 to 3,900,000 (Technical Report App.D). The 527 finally used was far outside even this range.

A Report which estimates impossibly high septic leaks, and zero sewer pipe leaks, looks like a political agenda, not a scientific paper. Tetra Tech must not throw that political football, when its own modeling shows its septic failure estimates to be high by a factor of 100.

5. The Report needs to correct the false statement that there is a control effort for nonpoint sources. The Report misrepresents the Network, saying "The West Virginia Watershed Network is a cooperative nonpoint source control effort…" (p.46). However the Network's website and brochure say its goal is to provide "resources for watershed management … to collaboratively support efforts necessary to empower local residents..." Resources to empower residents is far short of being a "control effort," so the Report identifies no control effort for nonpoint sources. The Network's 2006 minutes reflect this narrow focus on funding (http://www.wvca.us/wvwn/pdf/WVWN_2006_March_15_Minutes.pdf). 

The Network's brochure also defines a very narrow role for watershed teams, "assess the watershed and identify project sites and outreach opportunities" (http://www.wvca.us/wvwn/pdf/WVWN_Brochure.pdf ). 

The Report identifies nonpoint sources as the main areas needing improvement, then leaves improvement of nonpoint sources to a "voluntary" "informal association" which excludes county and municipal agencies (p.47). Such a loose approach is harmful.

The top of p.48 of the Report explicitly says "preparation … of a Watershed Based Plan" will be done "following development of the TMDL." However the middle of p.48 then refers to multiple "Plans… based on the efforts of local project teams… Project teams have been established for the Opequon Creek and Sleepy Creek watersheds." This mid-page correction implies that no Plans will be developed for Teague or Elks. The vacuum is harmful and unnecessary, since public education and outreach activities which any watershed teams develop can be used region-wide, not just in small areas.
The omission of implementation Plans for Elks Run and Teague Run is a serious flaw. Harpers Ferry and Bolivar drink water from Elks Run. Fecal coliform per 100 ml, measured monthly at the intake, has risen from typically 1,000 in 1992-95 to often over 20,000 in 2006. While the water plant treats drinking water, anyone contacting stream water directly is at risk of disease. Similarly the mouth of Teague Run just east of Shepherdstown is on a popular road, at a spot tempting to visitors, college students, and children. 

Action is crucial, and the Report needs to be honest, not dishonest, about whether there is a control effort.

6. The Report needs to include tests of Town Run (none done) and more tests in Rattlesnake Run and Rockymarsh Run (one test each, according to Technical Report App.B). In the absence of data they should be included in the TMDL report.

7. The Report needs to address water limits as well as pollutant limits. Water quality standards are violated just as much by removing water as by adding pollutants. Conversely the draft distribution of loads does not suffice when more water is exported from the watershed. 

This loss of water happens increasingly, with wells near Elks Run sending water to be treated in Charles Town and released into Evitts Run. Wells drawing clean water out of a TMDL watershed and sending it elsewhere need to be strictly limited, or they will reduce base flow here and make bacteria concentrations worse. 

The testimony by hydrologist Trask and hydrogeologist Deaver quoted after these comments confirms the zero-sum nature of groundwater, wells and streams. A more thorough model is in Horner, Cahill and McGuire, "Sustainable Watershed Management: Balancing Water Resources and Land Use" in Hydrology and Hydrogeology of Urban and Urbanizing Areas, American Institute of Hydrology, 1996, pp.MIU27-MIU37.

8. The Report needs to correct the false statement that new sewage treatment may be permitted anywhere (p.44). Water budget modeling is needed before new sewer capacity is approved. The Report proposes to allow sewer systems anywhere, because their effluent at 200 & 400 will dilute the fecal pollution in streams (p.44). That dilution would only happen if the water in the effluent comes from outside the watershed. 

Adding any bacteria to local water raises the number of bacteria in the stream. The following example may clarify the problem:

A stream has X mgd (million gallons per day) of base flow from groundwater, with B bacteria in the stream. Thus it has a concentration of B / X, in the appropriate units.

A new development uses commercial wells in the aquifer: It draws up Y mgd of groundwater, containing C bacteria, treats it (kills the bacteria), and sends the treated water to homes and businesses, then collects the water in sewer pipes. Now the stream is left with X - Y mgd baseflow (downstream of the wells, upstream of the sewer outlet). The stream has B - C bacteria, for a concentration of (B - C) / (X - Y). 

The sewer plant treats the sewage so that only D bacteria are left in it, and puts it back in the stream, which then regains most of its original flow of X mgd, except for evaporative losses (Z mgd). The resulting concentration is (B - C + D) / (X - Z).

The issue is not whether effluent is cleaner than the stream, but whether effluent is cleaner than well water (D < C). Wells are usually put at clean spots, and effluent permit limits are not always cleaner than well water. Tetra Tech also misses the point that you can't dilute an aquifer by taking water out of it. 

This is a simplified sketch, and DEP's models can do a much more sophisticated analysis: Some well-water bacteria would have died before reaching the stream; they cannot all be subtracted from B. Landscaping is watered more intensely than farm fields, especially in hot dry weather when instream fecal concentrations are already highest (Technical Report, App.F). Therefore increased evapotranspiration and other losses will decrease flow before it gets back to the stream; which is why the final flow is less than the original X, raising the concentration. Some well-water may be sucked (carrying more pollutants) or piped from neighboring watersheds, affecting concentrations both there and locally. There would also be sewer pipe leaks, raising the local concentration.

The sketch above assumes a "gaining" stream (fed by groundwater), which Teague and Elks are. There is one unnamed intermittent "losing" stream, not counted in the study, which enters Elks Run from the South at the confluence of Elks Run and Elk Branch (Hobba, 1978, Groundwater Hydrology of Jefferson County). The sketch would be even worse for a losing stream: drawing water from wells near a losing stream will pull additional polluted water from the stream into the groundwater, where it may be more harmful than in the stream.

Again, the hydrologist's and hydrogeologist's testimony quoted after these comments confirms the zero-sum nature of groundwater, wells and streams. 

Before Tetra Tech can justify more sewer capacity in a polluted watershed, model data must be prepared to show whether the net effect helps or hurts water quality. It can help if wells are sited in groundwater at some location which sends substantial bacteria to the stream, so the wells are a groundwater remediation method. However siting wells for drinking water in such a place would make the drinking water treatment crucial, risky, and probably unwise.

REASONABLE ASSURANCE: POINT & NONPOINT SOURCE CONTROL EFFORTS

9. A budget needs to be earmarked for public education and other efforts needed to reach TMDLs. Several broad efforts can serve all impaired streams simultaneously, besides any more focused local efforts. These would also benefit the three impaired streams in the Jefferson County portion of the Shenandoah watershed: Bullskin, Cattail, and Evitts, where TMDLs are not scheduled until 2014 or 2019, and also benefit Rattlesnake, Rockymarsh and Town Runs, which should have been included.

a. Education about effective stream buffers needs to be publicized throughout the area.

b. Education about septic maintenance needs to be publicized throughout the area. My watershed group, Stewards of the Potomac Highlands, has a 1-page flyer (http://listenv.homestead.com/files/septic.pdf which Shepherdstown at one point distributed to those of its water customers who use septic systems), but we lack resources which DEP needs to bring to bear.

c. All central sewer systems need to track and fix all leaks in pipes and connections. 

d. Construction sites need to reduce the volume of their runoff, in order to reduce bank erosion (Report p. 40)

10. The Report needs to commit DEP to monitoring and penalizing sewer pipe leaks. Sewer pipe leaks are significant recognized sources of fecal coliform. The streams will not achieve water quality standards until pipe leaks are fixed. 

Effective low cost monitoring of pipe leaks can be provided by requiring action whenever there is a strong pattern of peak daily sewage flows at a treatment plant (data already collected) on days of high rainfall (data available from dozens of government and private sites). Such a pattern needs to be followed by smoke and video studies and/or more cure-in-place pipe (Report p.36).

Stopping sewer pipe leaks is the duty of DEP and permittees and does not need to wait for "local project teams," though a stakeholders' discussion might be useful.

11. The Report needs to commit DEP to reducing the volume and velocity of runoff from construction sites (Report p. 40). Since 82% of the proposed sediment cleanup in Elks Run is from reduced bank erosion, controlling storm water volumes seems to be the main method available, and it is within DEP's control, since the Construction Storm Water general permit is due for revision in 2007. 

Establishing general permit conditions which prevent  SEQ CHAPTER \h \r 1"significant adverse impact to the chemical, physical, hydrologic, or biological components of aquatic ecosystems" (47 CSR 2-3.2.i) is the duty of DEP and does not need to wait for "local project teams," though again a stakeholders' discussion might be useful.

	Table 1 - Sewers' Fecal Coliform Baseline Estimates

	CONSTANTS (2 significant digits shown; all digits used in calculations)

	Leakage rate from sewer pipes
	200
	gallons per day, per inch diameter, per mile (47CSR31App.B-A-2.2)

	divide by 5280 for feet:
	0.038
	gallons per day, per inch diameter, per foot

	Fecal concentration in sewage
	6,400,000
	mpn/100 ml (Center for Watershed Protection, Table 5 of Article 17 from The Practice of Watershed Protection www.northinlet.sc.edu/training/training_pages/stormwater/planning materials/microbes_3.pdf 

also cited in Fecal Coliform Total Maximum Daily Load for the Irwin, McAlpine, Little Sugar and Sugar Creek Watersheds, Mecklenburg County, Final, February 2002, p.8 

h2o.enr.state.nc.us/tmdl/Docs_TMDL/MCDEP fecal TMDL final.pdf) 

	multiply by 38 for gallons:
	240,000,000
	mpn/gallon

	Fecal counts
	9,200,000
	mpn per day, per inch diameter, per foot

	

	ESTIMATED BASELINE LOAD
	Distance (feet)
	Diameter (inches)
	Leakage /day /house (gallons)
	

	Lot width
	80
	
	
	

	Front yard
	40
	
	
	

	Width of road & shoulders
	20
	
	
	

	Average service pipe
	50
	4
	7.6
	

	Collector pipe
	40
	6
	9.1
	

	Ratio of main to local collection pipe leaks
	
	2.57

	Leaks in main collection pipes to treatment plant (average per house, based on Shepherdstown ratio)
	23.4
	

	Total leakage /day /house
	
	
	40.1
	

	Fecal counts/day/house
	
	
	9.71E+09
	

	Fecal counts/year/100EDUs
	
	
	3.54E+14
	

	

	SHEPHERDSTOWN SYSTEM 8/03 (to derive ratio used above)
	Distance (feet)
	Diameter (inches)
	Leakage /day (gallons)
	

	
	408
	4
	62
	

	
	16,532
	6
	3,757
	

	
	27,907
	8
	8,457
	

	
	851
	10
	322
	

	
	850
	12
	386
	

	
	460
	15
	261
	

	
	238
	26
	234
	

	
	226
	20
	171
	

	Total leaks from 6'' & smaller
	
	
	3,819
	

	Total leaks from 8'' & larger
	
	
	9,832
	

	Ratio of main to local collection pipe leaks
	2.57
	


	Table 2 - Tetra Tech Draft Reductions in Annual Fecal Coliform

	
	Elks Run
	Teague Run

	
	Percent
	Trillions
	Percent
	Trillions

	Septic Failures
	-100%
	2,656
	-100%
	232.3

	Pasture
	-89%
	75
	0%
	.0

	Residential/Urban
	-62%
	11
	-34%
	.4

	Cropland
	-58%
	4
	-43%
	.4


	Table 3 - Tetra Tech Draft Reductions in Annual Sediment

	
	Elks Run
	Teague Run

	
	Percent
	Tons
	Percent
	Tons

	Streambank Erosion
	-43%
	14,847
	0%
	0

	Cropland
	-59%
	2,459
	-59%
	475

	Pasture
	-26%
	669
	-26%
	16

	Construction Sites
	-27%
	141
	0%
	0

	Residential/Urban/Roads
	-6%
	69
	-4%
	3

	Barren Land
	-58%
	15
	0%
	0


Testimony on Water Budgets by a Hydrologist & a Hydrogeologist, at Loudoun VA Planning Commission, 8/2/2000
inetdocs.loudoun.gov/planning/docs/planningcommiss_/pcreviewofcompr_/aug22000publici_/transcriptofaug/transcriptofaug.doc
Mr. Chairman, members of the Commission, I'm NEWELL TRASK. I've lived in the county for 23 years. I'm a retired hydrologist. I'm speaking tonight for myself. 

I want to talk about groundwater availability in the western rural part of the county, but first, I want to take you on a field trip in your mind's eye to Great Falls Park, in neighboring Fairfax County. It is March or April. You walk to the end of the dropoff and look down at the Potomac Gorge where seven billion gallons a day of water is rushing through. A foolish person might say, "Look at all that water down there. Obviously, there can be no problem with water supply for the Greater Washington D.C. area." A wise person would say, "Let's come back in late August or September and look." When they did, they would see about 400 million gallons of water per day going through; less by a factor of 16. They might know that this is not enough water to meet the needs of the Washington, D.C. area in late summer. They would conclude that Washington must get some of its needed water from sources other than the Potomac in late summer, which it does. 

The situation with respect to groundwater in western -- in the western rural policy area is quite similar. Every year, the upper-most layer of unconsolidated material, soil, weathered and broken rock, receives a vast amount of water as recharge. However, this recharge does not just sit there in the tub waiting to be drawn down for domestic or commercial purposes. It immediately starts flowing down gradient into the nearby streams and it is absolutely critical for the maintenance of the health of the streams. By the time late summer arrives, just as with the Potomac River, the amount of water flowing into the streams from groundwater is greatly reduced, signifying that the amount of water in storage has become much less than it was in the early spring. Since the report of the Groundwater Advisory Committee last fall, two important facts have come to light which affect the assessment of groundwater availability in late summer. First, the huge number of houses that can be built under the current General Plan. Whether it's 35,000 or 70,000, doesn't matter from this perspective. 

Houses divert groundwater from flowing into the streams, especially in late summer, from lawn watering, shrub watering, car washing, swimming pools, topping off. One house makes very little difference, but 5,000 additional houses in a water shed would lower the stream flow by 2.7 cubic feet per second. Second, both Goose Creek and Catoctin Creek in the rural policy area have low flows that are low with respect to other water sheds. In Goose Creek, we have a stream flow record that goes back to 1909 indicating that low flow gets as low as 2.7 cubic feet per second every seven years, on average. 

What these two things mean, taken together, the high number of houses and the inherently low natural flow of the streams with 25,000 additional homes in the Goose Creek water shed, Goose Creek would go dry, on average, every seven years or so. 

I'm sure there is no one here who takes lightly the idea of streams going dry, would want to see it happen, if they had a choice, but some might say, "That's the price of progress." Mr. Chairman, progress has a very, very high price, I'm afraid. We need the streams to dilute the waste water effluent, and the low streams indicate problems with groundwater. 

Thank you.

Good evening, Mr. Chairman and members of the Planning Commission. My name is ERIC DEAVER. I live in the county outside of Hamilton. I'm a hydrogeologist with 16 years of experience in Virginia. I'm a Virginia Certified Professional Geologist. I've been working with Dr. Trask on a review of the stream flow data and strongly concur with his conclusions. It's fairly clear that the A-3 and higher zoning configuration will be detrimental, to say the least, to the streams of western Loudoun. 

The concepts outlined in Dr. Trask's paper present -- are not difficult to understand. It builds on the assumption that most, if not all, stream flow in Goose, Catoctin Creek during the drought is due to groundwater discharge, as opposed to rain or surface water flow. 

Once this concept is understood, one can easily think of the stream flow at the end of these drainage basins as water flowing through the neck of a funnel with all the water in the funnel itself being from the groundwater in the drainage basin. Using very simple mathematical calculations, Dr. Trask has determined how much water can be removed from the funnel before the flow at the neck is curtailed to the point of damaging the streams. It's a simple approach, a very valid approach, and a strongly supported approach to stream flow management. 

What will happen when, not if, Goose Creek and Catoctin Creek are dry? Why should we worry? Discharges from the public and community sewer treatment plants along these streams will enter the stream in an undiluted fashion. The stream beds will have reverted from groundwater discharge points to groundwater recharge areas. The undiluted discharge in the treatment plants, as well as any industrial outfalls, will enter directly into the groundwater system. This will result in even more wells and springs being condemned due to chemical nitrate and biological contamination. This does not even touch on the permanent damage done to wetlands, benthic organisms and aquatic (unintelligible) due to the reduced or nonexistent water flow.

Spineless wonders: That's what all this is for.
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