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Date: January 6,  2010
Re: Septic tributary to Devils Lake  20100111 CC-Hawker - Septic Regulation.wpd

This is a revision to my preliminary position memo of December 3, 2009 on a possible program
to regulate septic systems tributary to Devils Lake.  It comes after a meeting of various agencies
hosted jointly by Devils Lake Water Improvement District and the City.  While what follows
was influenced by the input from various agencies, the recommendation is mine.

COUNCIL GOAL   “Examine means to reduce pollution in Devils Lake from faulty septic
systems.”

MEANS   Because we provide water to the vast majority of properties that have septic tanks
tributary to the lake, presumably we could impose any reasonable requirement on these
properties as a condition of continued water service.  For properties outside the City, the
applicable section of the LCMC is:

13.12.050  B 2. Discontinuation of Service and Guarantee of Supply. Except where
service is required by written agreement, all water delivered outside the city limits shall be
considered as a special service and not provided by the city as a common utility service. The city
may reduce the quantity of water supplied by the service or entirely discontinue the service at any
time, on a temporary or permanent basis, and by area or areas or by customer or classes of
customers, in accord with such policies as the city may establish from time to time by ordinance or
resolution adopted by the city council. The utility shall have no liability in any way to customers
for failure to provide service or for any failure of the system.

This provision was used to require a consent to annex and a water service agreement for
properties outside the City where there was a change of a name on the utility bill.  Failure to do
so would have resulted in discontinuation of water service.   This requirement was tested in the
Federal District Court and found to be valid1.  I see no reason why a court challenge on a
reasonable requirement regarding the operation of a septic system would succeed.

For properties inside the City, I am assuming that we have the authority to impose regulations
either directly on the septic systems, or indirectly through the provision of water (as for outside
the city properties).  This is an area that would need further research.

NEXUS The following information was provided by Devils Lake Water Improvement District

"Devils Lake is a significant natural resource to Lincoln City, Lincoln County and the state
as a whole.  However, years of intensive development on its shores and in the watershed
have left the lake impaired.  The lake itself is officially listed by EPA on their 303d list of
impaired water bodies for chlorophyll a and pH, two signs of cultural eutrophication. 

1 City of Lincoln City v. Roads End Sanitary District, April 9, 2008, Civil No. 06-1001-TC United States
District Court, District of Oregon
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Additionally, Thompson Creek, a tributary of Devils Lake is listed for fecal coliform
bacteria, a symptom of human development.  Excess nutrients enter the lake from many
sources including natural sources such as the atmosphere and stream erosion, but also
through stormwater discharges and leaching septic systems.  A theoretical nutrient budget,
calculated in the 1980’s as part of the EPA Clean Lakes Program, identified septic tanks
alone as contributing up to 25% of the nitrogen loading and up to 14% of the phosphorus. 
These are the key nutrients that fuel harmful algal blooms (toxic cyanobacteria) and
nuisance aquatic weeds which have plagued Devils Lake for decades.  Moreover, that same
study pointed to a small percentage of land (18% of the watershed) as contributing up 45%
and 41% of the total nitrogen and total phosphorus loading respectively.  These shoreline or
near shore parcels are dominated by single family homes largely not on sewer, and thus are
a prime target for nutrient reduction strategies.   One such strategy is to insure the proper
functioning of septic tanks in the watershed, the crux of the Septic Tank Revitalization
Program being currently promoted by the Devils Lake Water Improvement District and the
City of Lincoln City."  

The understanding of the basic function of a septic system is fundamental to an understanding of
how it does, or does not contribute to the pollution of the lake.  At my request, Paul Robertson of
Devils Lake Water Improvement did an excellent job of furnishing us a quick, short, easy to read
write-up on this.  It is the first attachment and required reading. He also furnished a newsletter
article on the subject and that is the second attachment.

EPA indicates “Unfortunately, many of the systems in use do not provide the level of treatment
necessary to adequately protect public health or surface and ground water quality. Many were
initially sited and installed as temporary solutions as a result of the perception that centralized
treatment and collection would soon replace them.  Comprehensive, life-cycle management did not
play a role in the approval or the ongoing operation of man systems.  More that half the existing
onsite systems are over 30 years old, and surveys indicated at least 10 percent of these systems
back up on the found surface or into the home each year.  Other data have shown that at least 20
percent of systems are malfunctioning to some degree.  In most cases the homeowner is not aware
of a system failure until sewage backs up into the home or breaks out on the ground surface2”

Perhaps more relevant to septic systems installed under Oregon regulations, in a very recent
study3, the Eugene Water and Electric Board funded an inspection of 309 septic systems out of a
total number of about 750.  This was a voluntary inspection program paid for by a grant.  Of
those, 12% needed major repairs or replacement and 16.5% were not properly performing due to
sludge and scum build up.  The average age of those needing replacement or repair was 30.75
years old verses the overall average of 24.2 years.  I note that because the program was voluntary,
it is reasonable to assume that those who knew they had problems didn’t participate as much as
those who did. 

CITY INVOLVEMENT?    Devils Lake is not under the control of the City.  It is however a
precious natural resource and a part of the definition of whom we are.  It certainly is a part of our
attraction as a visitor community, and therefore of economic importance.  The lake discharges to

2  Voluntary National Guidelines for Management of Onsite and Clustered
(Decentralized) Wastewater Treatment Systems, Office of Water, U.S. Environmental Protection
Agency, at page 10.

3 McKenzie River Septic System Assistance Project Final Report, Eugene Water and Electric
Board, June 12, 2009 
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the D River, and in turn to the ocean at the D River wayside.  This area has been frequently
posted as contaminated by the State.  The City has a park and other recreational property on the
lake, and hosts many events there, some of which are in the lake itself.  

Devils Lake and Rock Creek are populated by a unique variety of Coho, a federally listed
endangered species.  We have received testimony that the pollution in Devils Lake may have an
adverse impact on this species, particularly juveniles and more specifically some of the juveniles
that spend extra time in the Lake.  Property owners who have septic systems should be quite
concerned about this issue, and their potential individual liability.  It appears that the City itself is
not exposed to liability under the Endangered Species Act, but if malfunctioning septic systems
are shown to kill or injure the Coho, this could be a “take” and individual property owners could
be found responsible4.

While the City likely could escape legal liability, if we see any possibility of injury to an
endangered species caused even indirectly by our provision of water, and we can reasonably
prevent it, I believe we have the responsibility as a good government and citizens to do so. The
City and its predecessors chose to provide water service for development around the lake in
spite of the absence of sewer service.  Problems that result from that policy should not be
ignored by the City.

EXISTING REGULATION    The Oregon Department of Environmental Quality (DEQ) has
regulations which govern the placement of new systems, and regulate existing systems.  The rules
are about 100 pages. Here are a few references and excerpts:

340-071-0120  (2) Each owner of real property is jointly and severally responsible for:

(a) Treating wastewater generated on that property in conformance with the rules adopted
by the commission;

(b) Connecting all plumbing fixtures from which wastewater is or may be discharged to a
sewerage facility or onsite system approved by the department or an agent;

© Maintaining, repairing, and replacing the onsite system on that property as necessary to
ensure proper operation of the system; and

(d) Complying with all requirements for construction, installation, maintenance,
replacement, and repair of onsite systems required in this division and OAR chapter 340,
division 073.

 
340-071-0130  (2) Approved treatment and dispersal required. All wastewater must be treated and
dispersed in a manner approved in accordance with these rules.

(3) Prohibited discharges of wastewater. A person may not discharge untreated or partially
treated wastewater or septic tank effluent directly or indirectly onto the ground surface or

4   Under the ESA "take" means "to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture,
or collect, or to attempt to engage in any such conduct." 16 U.S.C. §1532(19). The interpretive
regulations define "harm" as "an act which actually kills or injures wildlife." 50 C.F.R. §17.3. Assuming, for
the sake of argument, that pollution from the septic tanks is killing or otherwise injuring a listed species,
this would be a "take." Since Lincoln City is not the one polluting in this instance, they are not the ones
committing a "take"

Position Paper - Devils Lake Septic                 DAH January 6, 2010 page #  3



into public waters. Such discharge constitutes a public health hazard and is prohibited.

340-071-0155 Details the requirements of an Existing System Evaluation Report (this regulation
is reproduced later in this memo where it is part of the initial recommendation.

340-071-0215  Covers the repair of existing systems.

It is my understanding that prior to about 1950, septic systems were not regulated.  At that time,
the systems were regulated by State Health.   More current regulations were adopted by DEQ
beginning in 1974.  Also, there currently is no State, City or County regulation that requires
periodic inspection of standard (most)  septic systems, though  owners are required to have a
functional system.   I do not believe there is any regulation that is being proposed by the State or
County, though there is some indication that in the next few years, DEQ might ask for legislation
that would require the inspection of existing systems on the sale of the property.  

Lincoln County is the subcontractor for DEQ, and oversees the permitting of new systems.  They
also are responsible for undertaking an inspection of existing systems upon receipt of a complaint,
or a request of the owner.  Owner initiated inspection cost is currently $505.  

EXISTING DEVELOPMENT    The following properties obtain water service from the City,
but not sewer:

Bordering the lake Within 200 feet of lake

Inside the City 60 76

Outside the City 212 291

Total 272 367

The map attached to the digital version of this memo shows these properties.  Following is the
age of the homes bordering the lake based on County records.  (This is not necessarily the age of
the septic system, but is some indication)

1920's 1 1970's 38
1930's 23 1980's 12
1940's 37 1990's 32
1950's 42 2000nds 16
1960's 64 unknown 7

I note that there are many more septic systems that are tributary to the lake, but a greater distance
from it.  While proximity is an important consideration, topography as well as the presence of
tributaries, and even ditches can make those more distant just as connected to the lake.

An inventory of septic systems within 250 feet of the lake is being done by DLWID based on
County records.  So far, 158 of the properties have been inventoried.  Of those, 4 had variances,
23 had sand filters, and fifteen had constrained lots.  The tanks were 66 of concrete, 30 steel, 5
fiberglass, 2 plastic, and 55 unknown.  The inventory includes the “last action” recorded by the
County.  Of the 158, nineteen of the files did not have information on what the last action was or
the date.  Here is what was found on the other 140:
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Year of Last Known
Action:

New
Construction
Permit

Repair
Permit

Alteration Site
Evaluation

 Complaint
against property

Permit
Renewal

Total

>1970 1         1       
1970-1974 5 1 6       
1975-1979 3 1 4       
1980-1984 2 3 5       
1985-1989 7 8 2        17       
1990-1994 6 21 1        28      
1995-1999 6 20 4 1             1 32  
2000-2004 9 16 1          26 
2005-2009 2 16 2         1          21 
 Total 40 87 4 5 1 3 140

I note that there are presently six vacation rental dwellings in the City that directly border the lake
and the canals5.  (There may be many more on city water outside the City, but the City is not
involved in the VRD process, if any, outside the City).  VRD’s are of particular concern to me in
that guests may not take the same care as homeowners, and may overload the system with
volume.  I note that the peak month use for the last two years of those that border the lake are:

8,378 gallons 3,291 gallons 17,054 gallons

16,306 gallons 4,413 gallons 12,886 gallons

A typical single family home uses about 3,000 gallons per month.  Here is the total amount of
water supplied to the homes bordering the lake in one year.

5  There are two more that border the canal but are on a bluff above it, and are not
included.
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TYPE OF PROGRAM   

As a starting place, EPA recommends to homeowners “You should have a typical septic system
inspected at least every 3 years by a professional and your tank pumped as recommended by the
inspector (generally every 3 to 5 years)6.

The EPA recommends five different management models for the management of these systems by
State, tribal and local governments.    They range from the lowest level (Model 1) that is
recommended for areas with low environmental sensitivity, i.e., not restricting site or soil
conditions such as shallow water tables.7  Even with this lowest recommended management
model, the owner would be required to “Hire a certified/licensed pumper/hauler to periodically
inspect, service, and remove septage for proper treatment and disposal.”8  

For areas where development is in the vicinity of sensitive receiving waters, the EPA
recommends  the highest level 5 where the management agency owns, operates and manages the
systems and charges for that service.  

The situation described by the EPA for model 3 seems to best fit our situation.  ““Where
sustained performance of onsite wastewater treatment is critical to protect public health and
water quality.  Examples of locations where this program might be appropriate include areas
adjacent to estuaries or lakes where excessive nutrient concentrations may be a concern .....”9 
With this model, limited term operating permits are issued to the property owner and are
renewable for another term if the owner demonstrates that the system is in compliance.  With
conventional systems, under this model EPA recommends required routine maintenance and
periodic inspections.  I note that a higher level of regulation is warranted where there are wells. 
We did not research the presence of wells used for drinking water in the area.  I would strongly
recommend to anyone who has a well in this vicinity to consult with an appropriate professional
concerning the testing and treatment of well water.

While Oregon has not yet adopted regulations specific to ongoing operation of most septic
systems, I note that California is now in the process.  Now while I certainly don’t recommend that
we copy anything that California does, we should recognize the vast research resources, and the
ability of such a large and diverse state to air differing views and solutions.  As I understand the
status of this effort, the state legislature has mandated the development of rules by the State Water
Resources Control Board, and a draft of those rules has been published.  The rules are lengthy and
complex. The rules will impact about 1.2 million septic systems.   Here is my take on what they
say about existing systems in the vicinity of an impaired water body (Devils Lake has that
designation).

A.  Generally no new systems within 600 feet of an impaired water body unless meeting an
advance standard of supplemental treatment. (§30040.SWRCB (a))

6 A Homeowners Guide to Septic Systems, EPA at page 5

7  Voluntary National Guidelines for Management of Onsite and Clustered
(Decentralized) Wastewater Treatment Systems, Office of Water, U.S. Environmental Protection
Agency, at page 19.

8  Ibid at page 34

9  Ibid at page 
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B.  Existing systems within 600 feet of an impaired water body are required to get an
inspection within one year.  This inspection includes a determination of the level of E.coli
and nitrogen reaching groundwater.  Systems not meeting actual discharge standards the
owner has four years to install an advanced system.  In the absence of a determination that
E.coli and nitrogen are reaching groundwater, the owner has five years to install an
advanced system or connect to sewer (§30040.SWRCB (b))  

The draft California regulations appear to make the EPA recommendations pale by comparison. 
It is certainly nothing that I can recommend, but I list it here for comparison, and because of the
extensive research and discussion that has already taken place in that state. 

Overall, I see several reasonable first step alternatives to a program to improve the functionality
of septic system tributary to the lake:

INVESTIGATION   In spite of extensive water sampling, it is difficult to prove how much
of the lake pollution is from malfunctioning septic systems.  Presumably, with considerable
investment, a more sophisticated testing program could be designed that would eventually
be more definitive.  We currently do not have funding for this.  I note that proving just how
much of the lake pollution is directly due to malfunctioning septic systems could expose
individual property owners to liability under the Endangered Species Act.

EDUCATION - VOLUNTARY  The City could fund a program that encourages property
owners to get proper maintenance from private contractors or a periodic inspection from
the County.  It could also encourage citizens to file complaints with the County where
evidence improper function or discharge appears likely.  These complaints may be made
confidentially, and it is my understanding that the County must respond.  I doubt this
approach would be very successful.

VOLUNTARY INSPECTION W/FUNDING   Possibly over time, the City could get
grants to fund voluntary inspections.  This is what Eugene Water and Electric (EWEB) is
doing, and we have an extensive report on their program.  It would likely take one
additional full time employee to obtain and administer the grant, provide the education, and
operate the program.  There is no existing funding for the City administration of such a
program, or to provide matching funds for a grant.  Possibly this could be done by a water
surcharge on the affected properties. 

REQUIRED INSPECTIONS   Currently we do not know how many systems are properly
functioning verses how many are not.   As a first step, we could require an inspection. If
the system did not function properly, the County would use their existing powers and
processes to cause them to function properly.  It would not require property owners to meet
current standards for older systems, more likely that they functioned as designed10. There
are a number of variations of this alternative.   One is a phased-in approach (e.g., five
years) requiring the property owner to pay for and obtain an inspection from the County. 
Another variation would be to impose a surcharge on the affected properties, and have the
City fund a comprehensive, one year program, using a private certified independent
contractor.  The approximate surcharge of about $12.50 per month for two years could

10  Even if the older systems have an adequate septic tank, many might not have an
adequate drain field, may pass an inspection and still not treat the nutrients as well as a system
that meets current standards (see previous write-ups on the functionality of septic systems)
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reimburse the City’s investment11.

REQUIRED INSPECTIONS UPON SALE   This would be the same program as the
previous one except an inspection would only be required at the time of sale.  This is
similar to what we currently do in order to obtain consents to annex where we need to
obtain more than 50%.  This program would probably get inspections of 40% within 10
years, perhaps 75% within 20 years, though that is a guess.

REQUIRED INSPECTIONS, REPAIR AND REPLACEMENT   Presumably, the City
could require systems to be inspected, and meet current septic system requirements.  Many
systems would need to be replaced, some with expensive Advanced Treatment systems. 
This would require the development of a comprehensive process by the City.

CITY SEWER  As a continuation of water service for these properties outside the City we
could require them to hook onto City sewer.  This could be extremely expensive for the
owners, though the use of LIDs could spread the cost over ten years.  The City has been
aggressive in trying to get many existing systems onto our municipal system, and have
been open to new or alternative means of connection.  Over the years, they have been
successful on about five properties.  Efforts to create Local Improvement Districts (LIDs)
to convert larger areas have been made at considerable staff time, and so far, with no
success.  Unless we force the issue, a significant area of the perimeter of the lake will not
have sewer for many years.

Within the City limits, the Council on its own initiative could create LID’s and sewer many
properties.  Assume an estimated cost of about $20,000 per lot, or about $200 per month
for ten years. This would also open up undeveloped in-fill lots for development.

LAKE IMPACT   

Until a number of inspections are undertaken, we can't judge the effectiveness of the program.  I
believe DLWID is examining the County records, and will shortly complete an inventory of the
existing systems.  This will give us some idea of the age of the system, and therefor what the
regulations required or did not require at the time.  This inventory will also tell us how many
systems have been installed under a state-granted variance from the regulations.

We must keep in mind that faulty systems are but one source of pollution to Devils Lake.  I heard
rough estimates that even if we fix the worst septic problems, there will not be a noticeable
cleanup of the lake for many years, perhaps fifty.  I am more of an optimist, and have witnessed
the ability of nature to heal once the ongoing damage is removed.  In any event, fifty years, is
better than never.

SUMMARY OF REASONS FOR ACTION  

Some will argue that we have insufficient scientific evidence to act.  While I concede that we do
not have a smoking gun, I believe that we have more than enough information on which to act, at
least with a modest program:

1.  Devils Lake is a unique and precious natural resource, and a significant part of the

11  This assumes an inspection fee of $300 from a private contractor.
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attraction we hold to visitors and therefore important to our economy;

2.   Devils Lake is an impaired water body;

3.  Devils Lake is populated by costal Coho salmon, a species listed under the Endangered
Species Act, and additionally, by a unique variety of this species;

4.   It is surrounded by a very large concentration of homes on septic systems;

5. Existing DEQ regulations require “Maintaining, repairing, and replacing the onsite
system on that property as necessary to ensure proper operation of the system”;

 
6.   Currently there is no requirement that most septic systems be periodically inspected,
and we have no evidence that they are being inspected or properly maintained.  The records
indicate that it has been a lengthy time since the County recorded any last know action for
many of the systems; 

7.  The EPA recommends that homeowners get their septic system inspected;
 

8.  The EPA recommendation for government action in this situation is specific;

9.  Unless the City wishes to force the issue, most of these properties will not be connected
for the foreseeable future.

PRELIMINARY RECOMMENDATION   My recommendation in brief outline form is:

- Require all properties that receive water from the City that border the lake or its
tributaries or connected water bodies (other than the ocean) to have an inspection of
conventional systems within five years, with one fifth being completed each of the next
five years12.  Properties that have had a new septic system installed and approved by
Lincoln County within the last five years would be exempt from this requirement.  

- Properties with sand filters would be required to have an inspection every three years (as
is now required, but that may or may not be happening)

- Properties with Advanced Treatment Technology (ATT) systems would not be covered
by our regulation.

- The inspections would be done by the County for their normal fee paid for by the
property owner.  The City would retain the right to designate other capable inspectors
should the County not be able to handle the workload, or meet our requirements.

- If the property did not have the required inspection, they would be subject to
discontinuation of water service, or if in the city, a fine and/or discontinuation of water
service.

12  The specific properties to be inspected in each of the five years could be selected a
number of ways, i.e. by random drawing, age of the system, by area, or by the amount of water
consumed (and therefore having the greatest potential for pollution). 
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- The regulation would end after the initial five years, and presumably be followed by one
strongly influenced by the results of the inspections and the follow-up actions.  It could
resume with a periodic rotation, or be replaced by one that looks at a larger perimeter.  At
the extreme, it could require inadequate systems to be replaced with advanced systems or
connected to sewer.  If the results show that most of the systems were working properly, it
might not be replaced at all.

- No new VRD’s anywhere on city water that is not connected to our sewer system.

- Existing VRD’s on septic to meet current standards for a septic system adequate to handle
a projected peak use.

While the recommended proposal looks like an inspection requirement, it is actually somewhat
more.  If the County finds a defective system, they require repair.  I do not believe they have
specific time limits, or exacting standards for compliance, and certainly there is an amount of
discretion and judgement involved.  I believe the County would be cooperative in this program,
and would therefore share the inspection reports and records of follow-up repairs.  I have received
a good report about the County's program from DEQ, and believe that once they are involved,
they can find and correct the worst problems. My impression is that they would do so with care,
and patience. 

OWNER IMPACTS   The first impact would be the cost of the inspection, of about $500. 
Presumably we could develop a low-cost loan program for the few that cold not afford that.  The
major impact would be to those that have severely malfunctioning systems.  In some of those
cases some routine maintenance would cure the problem.  Certainly there are some systems that
provide little if any treatment and the County would require major repairs or total replacement
(we can guess that would be something like 15% of those inspected).    The City and DLWID
might find a way to have a program of low interest loans to help out those who truly can’t afford
it.  In any event, I also have to believe that no property owner would wish to continue to operate a
system that pollutes either the groundwater or the lake. I note that my recommendation would
cost owners a lot less than the model recommended by EPA for this situation.  I also note that
these customers do not pay a monthly sewer charge. 

No matter what the City does, other than put our heads in the sand, we can expect substantial and
forceful opposition.  Partly this will come from misinformation, and in particular a fear that we
will be forcing owners to upgrade to current standards.  That is not the case.  The County will
only require that the system be functional, and they will use the standards in place when the
system was installed.  Undoubtedly, the opposition will cite lack of strong evidence that septic
systems are causing a problem.   To accept this as a reason to do nothing is to accept with blind
faith that most of the systems are properly functioning.  It also would require us to ignore the
recommendations of the EPA concerning government regulation. 

I note that already misinformation about the proposed program is being widely distributed:

- that we will “assess daily fines until the property is brought into compliance”

- that my recommendation was “inspired by Ordinance 230 in Dunes City”

- that “all homes with septic systems within 200 feet of the lake to have their systems
inspected every five years”
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None of these were, or are accurate.  Stay tuned for more of the same.

We should keep in mind that the only thing new here is the recommendation for an initial
inspection.  Under DEQ regulations it is currently the responsibility of property owners for
“Maintaining, repairing, and replacing the onsite system on that property as necessary to ensure
proper operation of the system.”  Without periodic inspection, an owner will not know that is the
case.   I also point out that even under the most lenient management model recommended by EPA
for regulatory agencies, property owners would be required to do periodic inspections. In our
situation (areas adjacent to estuaries or lakes where excessive nutrient concentrations may be a
concern), EPA recommends limited term operating permits issued to the property owner which
are renewable for another term if the owner demonstrates that the system is in compliance.  This
is a far more aggressive approach than the modest approach I have recommended.  Indeed, I
believe I have erred on the side of great leniency, and Council may wish to consider a more
aggressive program, potentially what the EPA has recommended.

By way of potential owner impacts, I mention the Endangered Species Act.  When and if the
smoking gun of septic system pollution is found, an interested group or individual may bring an
action under the ESA, and the issue would then be determined by the federal courts.  A local
program to address the issue could discourage such an action, but if brought, it would seem to be
in the property owners interest to assert in their defense that there is a formal local program to
remedy the situation. 

RELATED ISSUES   This memo and proposal is limited to septic systems directly tributary to
the lake that are on city water.   It does not cover those outside the city who are not on city water,
but are either directly tributary to the lake, or one of its tributaries.   For these, the City has no
authority or responsibility except that some are in the Urban Growth Boundary.  If we enact an
inspection program that shows serious problems, then Lincoln County should consider an
inspection requirement for those properties.

I also now raise the issue if the City should continue to provide water service to new development
on septic, in the City, outside the city, or for those properties tributary to the Devils Lake
watershed.  In some cases, allowing septic systems instead of requiring sewer is preventing the
orderly extension of municipal sewer.  This is a separate, but related issue, and deserves some
serious consideration.  At, or near the conclusion of the issue before you, I will ask you to address
this additional issue.

RESOURCE MATERIALS   The following materials are attached to the digital version of this
memo.

1. Function of Septic Systems (Robertson)
2. Newsletter Septic tanks and nutrients
3. Map of affected properties (approximate)
4. Agenda City/Agency Meeting of November 25, 2009 & attendance

 5. Lincoln County Letter December 21, 2009
6. Draft Lincoln County Inspection Report form
7. ODF&W letter of 12-28-09

*    *   *
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Text of Email from Paul Robertson, Devils Lake Water Improvement District
To David Hawker
December 3, 2009


A functioning septic tank and drain field is no guarantee for a cleaner lake, but it is
a great step forward.  Broken septic tanks turn into cesspools which can get a direct
connection to the groundwater.  A homeowner may never know this without an inspection as
these cesspools may not ever back up to the surface.  The connections from the failed
systems become the direct conduit of N, P and bacteria to the groundwater which move to
the lake or other surface water.  A functioning, properly connected septic system will
bring the tank's effluent (septic water) into contact with soil organisms in the drain
field which breakdown the wastes.  Additionally, a great deal of treatment is had in the
septic tank itself just from sedimentation and anaerobic bacterial decomposition.  The
drain field however is designed to be an aerobic process which occurs in unsaturated
soils.  Saturated soils lack dissolved oxygen and therefore do not facilitate efficient
treatment.  This is why drain fields should be placed high above the groundwater, but
also that they should not be fed by runoff from storm drains, asphalt or house gutters.
Doing so not only saturates the soils, but migrates nutrients down to the groundwater
and out to the lake. 
 
This points to another important inspection criterion, that there is suitable land and
soils available for the drain field.  Soils themselves trap nutrients (P mainly, N
exists mostly in soluble forms and passes through) and bacteria to varying degrees
depending on the type of soil, so there is a physical abatement there too. Phosphorus is
readily retained by soils, and thus insuring the effluent is passed through soils and
not directly into the groundwater or surface water will block most of the P from getting
to the lake.  I have provided a short PDF summary I found on the some of the P removal
efficiencies of septic tanks that could be quoted.  Most of the articles referenced are
in the 85-99%+ range of P retention in the first meter or so of soils even after decades
of use.  Just pumping a system at the regular interval is said to trap some 48-57% of
the P.  This is where an inspection/pumping would help insure that this P is getting
removed from the watershed properly.  


 
On the contrary, functioning or not, nitrogen removal is much less, and was estimated by
the same paper to be 5-15%  in the tank with 20% more by the drain field in one
reference and up to 39% total removal by another.  Nitrogen treatment can be added using
more sophisticated technology, but largely this is not the case in Devils Lake and
around the world.  None-the-less if a system is a straight pipe, there is effectively no
N treatment.  Bacteria related water quality issues were not addressed in this summary,
but these are human gastrointestinal organisms, which require a warm-blooded host.  Once
in the septic tank, and given a proper percolation time, these organisms are greatly
reduced as they die for lack of a host (2-48 hours) and are filtered out by the soils.
If as may be the case in some pre-1974 type systems, that the tanks have a direct
connection to the lake, effectively no treatment would be taking place.  


Let me know if I can provide additional information.


Sincerely,


Paul Robertson, Lake Manager 
Devils Lake Water Improvement District 
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(autonomous waste water treatment systems)
 


This is a review of a number of papers covering research knowledge and needs regarding nutrient contamination from 
septic tanks and other decentralised sewage treatment systems. 


The Scope Newsletter 


The SCOPE Newsletter is produced by the Centre 
Européen d’Etudes des Polyphosphates, the 
phosphate industry’s research association and a 
sector group of CEFIC (the European Chemical 
Industry Council). 
The SCOPE Newsletter seeks to promote the 
sustainable use of phosphates through recovery and 
recycling and a better understanding of the role of 
phosphates in the environment. 
The SCOPE Newsletter is open to input from its 
readers and we welcome all comments or 
information. Contributions from readers are invited 
on all subjects concerning phosphates, detergents, 
sewage treatment and the environment. You are 
invited to submit scientific papers for review.  
 


The SCOPE NEWSLETTER is produced by 
CEEP  - a sector group of CEFIC, 


 avenue E. Van Nieuwenhuyse 4, bte 2, B1160, 
Bruxelles - Belgium. 


Tel: (32) 2 6767211   Fax: (32) 2 67673 01   E-
Mail: cja@cefic.be 


www.ceep-phosphates.org  
The SCOPE Newsletter is circulated,  


free of charge, electronically :  
to receive it or to unsubscribe:  


http://www.ceep-phosphates.org/subscribe.htm
 


Septic tanks 
Review of research into nutrient 
release from autonomous sewage 
treatment systems 


An overview of existing knowledge regarding 
nitrogen and phosphorus releases from septic 
tanks and autonomous sewage treatment 
systems shows the significant differences 
between the behaviours of these two nutrients. 
Nitrogen is only retained in septic tanks to a 
small extent, and once tank effluent is infiltrated 
into soil will tend to be converted to nitrates 
which are then very mobile and move with 
underground waters. Phosphorus, on the other 
hand, is significantly retained in septic tanks (up 
to 48%) and then precipitated or adsorbed in 
soil, so that significant contamination rarely 
moves more than a few metres from septic tank 
infiltration. 


The authors assess available research regarding the 
operation of different types of autonomous or 
decentralised sewage systems, including 
conventional septic tank / soil absorption systems, 
but also innovative new systems such as grey/toilet 
water separate management systems, soil based and 
wetland systems. 


Nitrogen contamination 


Raw human sewage contains 2 – 8 kg total N/year. 
Traditional septic tanks are estimated to achieve 
40% reductions in sludge volume, 60% reduction in 
biological oxygen demand (BOD), 70% retention of 
suspended solids,  and 48% (Pell and Nyberg 1989) 
– 57% (Tetra tech 2002) which will in time need to 
be pumped for disposal. Settling and periodic 
pumping however is estimated to only remove 5 – 
15% in inflow total nitrogen.  
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Soil adsorption can then remove a further 20% of 
total nitrogen, as ammonium, but this may be 
reversible when aerobic conditions occur and the 
ammonium is converted to soluble and water 
transportable nitrate. 


Nitrogen from septic tank outflows can thus move to 
groundwater in a matter of days, and may tend to 
move mainly through shallow aquifers, posing an 
immediate risk to shallow wells and to surface 
waters. 


Phosphorus from septic tanks 


Phosphorus in septic tanks and in their outflow 
behaves completely differently from nitrogen. 
Firstly, a significant proportion of inflow 
phosphorus in septic tanks is effectively removed by 
settling and subsequent pumping of septic tanks 
(48% - 57%, see above). 


Phosphorus in septic tank outflow is 85% soluble 
orthophosphate, with some organic and inorganic 
particulate phosphorus attached to suspended solids. 
The latter will be retained in soil. The soluble 
orthophosphate can be retained in soils both by 
precipitation to mineral phases by ions present either 
in the septic tank effluent or in the soil (iron, 
aluminium, calcium …), or can be adsorbed to soil 
colloids (formation of a strong chemical bond 
between orthophosphate and clay minerals). 


Typical mass balance studies have shown that 65% - 
95% of the septic tank effluent phosphorus is found 
in soils within a few metres of the outflow point, 
even after years of septic tank operation. The 
“plume” of phosphorus concentrations downstream 
of septic tank outflow is estimated by several studies 
to develop 10x – 100x more slowly than the general 
plume of contamination. 


Aulenbach et al. 1981, estimated 85% overall 
removal of phosphorus from sewage in septic tank 
systems (including soil retention, and assuming 5% 
of systems failing) around Lake George, New York 
State. 


Previous research 


Several authors, many cited by Gold in this review, 
or elsewhere, have previously confirmed that the 
risks of phosphorus contamination of wells or 
surface waters from septic tank outflow are very 
limited.  


* Johnson & Atwater 1988 used 3m long 
experimental channels of different soil materials to 
test removal of different components of raw sewage, 
showing 96-99% removal of soluble phosphate with 
different soil types (3 loamy sands, 3 sands), 
whereas certain of the soil types tested removed only 
¼ of the inflow inorganic nitrogen. 


* Robertson (2000, see SCOPE Newsletter n° 44), 
in 2-year field experiment using a lysimeter 
containing natural sandy soils, showed that septic 
tank effluent soluble phosphate levels were brought 
down below the detection limit (< 0.05 mgP/l). Only 
around 0.2% of soil iron had been used, forming 
stable coatings on the soil particles, suggesting that 
the system would remain effective for many years. 


* Harman et al 1996 and Robertson & Harmann 
1999 studied the effluent plumes of 3 septic tank 
systems which had served a 200-pupil school 
(Langton) for nearly 50 years and a seasonal 200-
person campsite for 5 and for 25 years (2 outflows), 
in Ontario, Canada. They reported that even after 
these long operational periods for large septic 
systems, around 85% of phosphate was being 
retained in the first 30 cm of soil around the 
outflows (vadose layer). Phosphate above 
background levels was detectable up to 75m away 
from the older system in a situation with mobile 
groundwater, but not beyond. They concluded that 
over long periods of use of septic tanks, long-term 
migration of phosphorus in the ground water zone 
may occur. 


* Zanini, Robertson et al. 1998 reported results 
from monitoring of the Langton school plume (as 
above) and of three domestic septic tank systems 
also in Ontario: Cambridge operational for around 
20 years, Muskoka ten years, Harp Lake 30 years. 
They again found high phosphorus removal within 
the first 10-30 cm of soil around septic tank outflow 
infiltration pipes. Based on soil iron contents, they 
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estimated that it would take around 35 years to 
saturate the first 25 cm around a septic tank outflow, 
coherent with the 85% phosphorus retention in the 
30 cm vadose zone observed for the Langton school 
site above.  


* Robertson et al. 1991 had reported analyses of the 
plumes of the Cambridge and Muskoka domestic 
septic tanks cited above. The plume at the 
Cambridge site was 130m long and 10m wide, for 
soluble contaminants such as nitrate and sodium 
ions, but phosphate was observed only immediately 
beneath the infiltration field. The plume at Muskoka 
was 20m long, reaching nearby surface water, but 
again phosphate was not detectable in the ground 
water below the infiltration field, nor at any 
significant horizontal distance away from the 
infiltration zone. 


* Robertson 1995 reported further monitoring 
results from the Cambridge domestic septic tank 
site, Ontario, Canada, operational for around 20 
years, indicating a pattern of slow but pervasive 
expansion, with a migration velocity of about 
1m/year. This represents a reatrding factor of around 
20, probably as a result of soil particle sorption of 
phosphate. Phosphate levels then stabilise at around 
1 mgP/l in the plume. Analysis of dilution factors 
led to the conclusion that around 25% of septic tank 
effluent P continued to be attenuated in the valdose 
zone, whilst throughout the rest of the plume soil 
capacity for phosphate sorption is progressively 
saturated thereby allowing slow extension of the 
phosphate plume. It is suggested that the attenuation 
in the valdose zone is probably the result of mineral 
precipitation, most probably of calcium phosphates. 
Comparisons with work at other sites suggest that 
higher attenuation values are obtained at lower pH 
levels (acidic waste water or soil conditions).The 
extension rate of the phosphate plume at the 
Cambridge site meant that it has already reached 
piezometers situated 20m from the tank infiltration 
bed, the separation distance locally required between 
septic tank infiltrations and sensitive surface waters, 
indicating that this distance is inadequate where the 
soil offers poor P retention. 


* Robertson & Blowes 1995, studied a septic tanks 
system serving a seasonal cottage for four years after 


installation, at Sudbury, Ontario. In this situation, on 
poorly buffered silt earth, an acid contamination 
plume developed in the ground, but with limited 
phosphate mobility (retardation factor > 10) and no 
phosphate migration significantly beyond the 
infiltration bed gravel layer over the study period. 


* Robertson et al. 1998 looked at 10 mature septic 
tank systems in Ontario, including the 6 cited above, 
plus in addition another campsite (Camp Henry, 18 
year old system), a resort (Delawana, 10 years) and 
2 further houses (Paradise, 25 years and Killarney, 
10 years). They concluded that phosphate migration 
is 20 – 100 times slower than the extension of the 
plume for other soluble contaminants, such as 
nitrates, but may reach around 1 m/year. Six 
phosphate plumes of over 10m were identified in 
sandy soils, but phosphate plumes <3m long on 
acidic silt or clay rich soils. Ground water phosphate 
concentrations immediately below the septic tank 
outflows were significantly lower than septic tank 
effluent levels, suggesting 23-99% phosphorus 
retention in the vadose zone within 1m of outflow 
pipes. 


* Ptacek 1998 studied the plume from the Camp 
Henry campsite septic tank (see above), Ontario, 
situated on sand alongside the coast. He found 
phosphate concentrations higher than background 
(but low at < 0.02 mgP/l) up to 60m away from the 
septic tank in part of the soil ground water (non-
surface groundwater with low oxygen levels). This 
shows that septic tank outflows can contribute 
phosphate to surface waters where septic tanks are 
relatively close to surface waters (< 100m) and in 
sand substrate (rather than soil) over an impermeable 
layer. 


* Jones and Lee 1979 stated for Wisconsin, USA, 
found no detectable phosphate contamination at 15 
sampling points situated 10 – 100 m distant from a 
septic tank tile field, 4 years after starting its 
operation, concluding “No evidence for phosphate 
transport fro septic tank effluent was found in any of 
the monitoring wells”.  


* Gilliom and Parmont 1983, for eight 20-40 year 
old septic systems close to Pine Lake, Puget Sound, 
Washington, concluded: “movement of more than 
1% of effluent P to the lake was rare” (despite 







 


 


 


SCOPE Newsletter – n° 63 - Page 4 - www.ceep-phosphates.org 


movement of diluted effluent commonly occurring). 
Chen 1988, New York concluded that all of 17 
septic systems examined showed “good removal of 
orthophosphate”.  


* Wieskel and Howes 1992 looked at nutrients from 
four different 10-75 year old septic tank systems 
situated close to Buttermilk Bay, Massachusetts, and 
concluded that approx. 61% of  septic tank effluent 
nitrogen would reach the Bay water (10 – 100m 
down gradient from the septic tanks), but that only 
approx 0.3% of the effluent phosphorus would reach 
the Bay. 


* Reneau and Pettry 1976, studied phosphorus 
movement in sandy loam coastal plain sols in 
Virginia, from two septic systems aged 4 and 15 
years. They detected no soluble phosphorus in a 
slowly moving water table below the septic tank 
outflows (seasonally perched water table) and 
orthophosphate concentrations < 0.2 µg/l at points 
3m distant from the outflows. 


* Reneau 1979, in the Virginia coastal plain, studied 
transfer of contamination from 10 domestic septic 
tank systems (all > 12 years old) to an agricultural 
tile drain situated 11 – 19 metres from the tank 
outlflows. Also, sampling wells were drilled 1.5 – 17 
m away from three of the septic tank systems. 
Variation in the soil phosphorus abatement capacity 
was found, with 99% of phosphorus being removed 
within 8m for two of the septic tank outflows, but 
only at 30m for the third. Mean phosphorus 
concentrations were lower in the sampling wells 13 
– 17m away from the septic tank outflows than in 
the surface water receiving the tile drain outfall, and 
phosphorus was not detectable in the tile drain 
outflow (lower concentration than in the receiving 
water). 


* Reneau, Hagedorn and Degen 1989, reviewing 
available literature, concluded that “the limited 
movement of P away from on site wastewater 
disposal systems (OSWDS) is well-documented” 
and that “Most field studies indicate that P 
contamination is limited shallow groundwaters 
adjacent to OSWDS and that P sorption continues 
under saturated conditions”. The risk of phosphorus 
movement to surface waters is thus minimal. 


* Viraraghaven & Warnock 1976, in Ottowa, 
Canada, analysed contaminants in groundwater 
samples immediately below a septic tank drainfield 
for a system which had been operating for three 
years. Most samples (14 out of 18) showed 
phosphate concentrations lower than the background 
groundwater, but some were 3-4 x higher. 


* Sawhney and Starr 1977, used sampling tubles 
installed 15 – 120 cm below and 20 – 120 cm 
horizontally distant from a secptic tank outflow 
trench system. They concluded that soil 15-30 cm 
below the trench  was continuing to remove most of 
the outflow phosphate after 6 years of septic tank 
operation, and that 60 cm of soil should “effectively 
remove phosphorus from septic system drainfields 
for a number of years and should allow only 
minimal additions to the groundwater”. They also 
showed through alternate operation of 2 outflow 
trenches from the septic tank that the soil” 
regenerated” its phosphorus removal capacity: this is 
conform to laboratory experiments which show that 
soil phosphorus fixing capacity is increased by 
wetting – drying cycles. 


* Chen 1988 analysed contamination in 
groundwater samples at various distances from 17 
different septic tanks systems situated near the 
shores of lakes in Northern and Eastern New York 
State. Of 45 sampling points, situated  0 – 3m below 
the surface and up to 100m distant from the septic 
tank outflows, only 4 showed phosphate 
concentrations > 0.1 mgP/l and the ten points > 40m 
distant all showed concentrations < 0.04 mgP/l. The 
author noted that several sites showed groundwater 
contamination near enough the lake edge for transfer 
to surface water to be possible and indicates that 
problems of nutrient and coliform bacteria transfer 
from septic tanks where their outflow is situated in 
rocky or sandy substrate over an impermeable layer. 


* Alhajjar et al. 1989, compared nitrogen and 
phosphorus contamination of ground water for two 
sets of respectively 8 and 9 domestic septic tank 
systems, with households using in one case 
phosphate-based and in the other carbonate-based 
laundry detergents. They concluded that there was 
zero probability of more than 5% of phosphate 
reaching ground water in all cases with mean 
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phosphate transfer < 0.1 mgP/l in all cases. 
However, they found total nitrogen concentrations 
reaching groundwater of 39 and 69 mgN/l for the 
phosphate- and carbonate-detergent households 
respectively, concluding that the use of phosphate-
based detergents led to substantially lower levels of 
nitrogen contamination. They conclude that the use 
of carbonate-built (P-free) detergent “exacerbates 
nitrogen leachate to ground water” with human 
health and environmental implications. 


* Alhajjar et al. 1990, compared phosphate and 
nitrogen removal in lab-scale soil-filled columns 
simulating mound, new conventional and mature 
conventional septic tank soil drainfields, fed with 
septic tank effluents from households using 
phosphate-built or phosphate-free (zeolite built) 
laundry detergents. The columns fed with P-
detergent effluent showed higher outflow phosphate 
levels, but on the other hand lower outflow nitrogen 
levels. The authors concluded that P-built detergents 
used in households served by septic tanks reduce 
nitrogen leaching to groundwater by a factor of 1.8 
(new systems) to 2.1 (mature systems), and 
“slightly” increase phosphate leaching compared to 
households using zeolite based detergents. They 
suggest that this may be the result of precipitation of 
struvite (magnesium ammonium phosphate) or 
similar minerals because of higher available 
phosphate in the drainfield soil. 


* Woods, 1993, studied the fate of phosphorus in a 
context where soil absorption of phosphorus was 
susceptible to be problematic, around Harp Lake, 
Ontario (180 km North-East of Toronto, see Zanini, 
et al. 1998 above): a thin heterogeneous till soil over 
acidic Precambrian shield bedrock. For one typical 
domestic septic tank dating from 1962, most of the 
phosphorus from 30 years use was found in the 14 
cm soil layer below the tile-bed outflow. Phosphorus 
in the aquatic sediments at this and four other septic 
tank sites around Harp Lake showed mean 
phosphorus concentrations in the zone contaminated 
by the outflows with means 0.5 – 13x and 
maximums 0.3 – 38x background levels (see p155). 
The author concludes that septic tank phosphorus 
could be reaching the lake in 3 out of 5 cases, but in 
only in one case were mean contaminated zone 
phosphorus concentrations >20 µgP/l. 


Conclusions 


It thus appears clear that phosphorus contamination 
from septic tanks is limited, because much of the 
phosphorus is retained in the septic tanks, and 
because that released in the outflow is then retained 
in soil, often in the soil immediately around the 
discharge infiltration, thus resulting in only a very 
low proportion (<1%) of phosphorus in septic tank 
inflow being susceptible to reach surface waters. 
There may however be concern where septic tanks 
are situated close to (< 10m) surface waters or water 
courses in areas of calcareous sandy soil. 


“Research needs in decentralized wastewater treatment 
and management: a risk-based approach to nutrient 
contamination” 
http://www.ndwrcdp.org/userfiles/RESEARCH_NEEDS_
PROCEEDINGS_CD.PDF  
A. Gold, Dept. Natural Resource Sciences, University of 
Rhode Island agold@uri.edu and J. Sims, Dept. Plant and 
Soil Sciences, University of Delaware jtsims@udel.edu  
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CITY OF LINCOLN CITY & DEVILS LAKE WATER IMPROVEMENT DISTRICT


EXPLORATORY MEETING ON SEPTIC REGULATION
FOR PROPERTIES TRIBUTARY TO DEVILS LAKE


November 25, 2009
2:00 P.M.  


City Hall, NW Conference Room


1.  Introductions


2.  Statement of Problem - Water quality issues (DLWID)


3.  Statement of City purpose - Statement of DLWID Purpose


4.  Development tributary to Lake (City)


5.  Current Inspection and Maintenance Program (County)


6.  Possible future state regulation


7.  Dunes City Program (Power point)  


8.  Outline of alternatives of possible regulation (Decision Tree)


9.  Possible incentives, financial tools


10.  Discussion and Feedback


11.  Next steps


RESOURCE MATERIALS


Maps of Development around Devils Lake showing location, age of home, sewer locations


Dunes City Ordinance, Inspection Form, Initial letter


Eugene (EWEB) Septic Inspection Report Form (A & B Septic)


DEQ’s Recommendations for Florence’s Plan


City of Lincoln City Decision Tree


Eugene Water and Electric Board septic program report (future delivery)















