Department of Health and Human Services
Naine Center for Disease Control and Prevention
286 Water Sirect

11 State House Station

Augusia, Maine 04333-0011

Tel. (207) 287-8016

Pauf R. LePags, Governor Mary C. Mayhew, Commissioner Fax (207) 287-9058; TTY (800) 606-0215

Tel. (207) 287-5672 Subsurface Wastewater Unit Fax (207)287-4172

July 10, 2012

Septic Preservation Services

Attn.: Robert F. Silva, Vice President
P. 0. Box 2217

South Portland, ME 04106

Subject: Revised Product Registration, White Knight Microbial Inoculator Generator

Dear Mr. Silva:

The Division of Environmental Health has completed a review of a registration application for White Knight
Microbial Inoculator Generator (White Knight). This information was submitted pursuant to Section 6.HI of the
Subsurface Wastewater Disposal Rules (Rules) for registration for use in Maine.

White Knight was approved for use in Maine in February of 2003 with a condition which prohibited use of the
product in onsite sewage disposal systems which had experienced a hydraulic matfunction, i.e., a “break-out” and
overland run off. White Knight was approved for a 50 percent reduction in disposal area size, in July of 2004,
based upon data which demonstrated that White Knight significantly reduced ponding in established disposal
areas.

You have now provided new data regarding subsurface pond reduction, in many cases {0 negligible levels, in
systems which had experienced excess ponding and/or breakouts. In these systems, sources of excess water
(inflow and infiltration) were ‘dentified and eliminated, the septic tank and disposal area were pumped, and a
White Knight installed. The data you submitted supports this process, itself documented in the Design,
Installation, Operation, & Service Manual dated November 2008. You have requested that the original
prohibition against using White Knight in disposal systems which had experienced a hydraulic malfunction be
rescinded based upon this process and these data.

On the basis of the information and sample product submitted, the Division has determined that the product is
acceptable for use in the State of Maine for existing disposal areas which have experienced excess subsurface
ponding, surface ponding ot hydraulic breakout with the following conditions:

1. The White Knight Microbial Inocutator Generator must be installed, operated, and maintained in
conformance with the manufacturer’s directions. For malfunctioning systems, the process outlined above
and in the Design, Installation, Operation, & Service Manual must be followed.

2 Should the Local Plumbing Inspector determine that the malfunction of any system is so severe as to
comprise an immediate public health threat, she or he may require the system to be replaced as
expeditiously as possible.



Page 2, Letter to Septic Preservation Services

Because installation and owner maintenance has a significant effect on the working order of onsite sewage disposal
systems, including their components, the Division makes no representation or guarantee as to the efficiency and/or
operation of the product. Further, registration of this product for use in the State of Maine does not represent
Division preference or recommendation for this product over similar or competing products.

If you have any questions please feel free to contact me at (207) 287-5695.
Sincerely,
James A. Jacobsen
Project Manager, Webmaster
Division of Environmental Health
Drinking Water Program
Subsurface Wastewater Unit
e-mail: james.jacobsen(@state.me.us
/aj

xc: Product File
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James A. Jacobsen, Environmental Specialist [V
Wastewater and Plumbing Control Program
Division of Health Engineering

161 Capitol St

11 State House Station

Augusta, ME 04333

Jim,

As the authorized representative of Knight Treatment Systems I would like to respectfully
request a revision to the current approval letter for the White Knight. Under the current approval
letter if the existing septic system has experienced breakout the White Knight may not be used. |
would like to request the wording be changed to allow the use of the White Knight even if
breakout has occurred. Understanding the seriousness of any breakout condition I think it would
be prudent to also add that if breakout continues that the system would need to be replaced.

Septic Preservation Services has successfully remediated several hundred septic systems in the
State of Maine. As experienced installers of this technology we have developed a strict

procedure for installation, which ensures that breakout will not reoccur. [ have attached a copy of
the Design, Installation, and Service Manual for your review. Our strict instatlation procedure
includes, but is not limited to;

- An in depth site evaluation to ensure the system is not in hydraulic overload due
to a leaky toilet, sump pump, storm water infiltration, ete.

- Pumping of the entire system (prior to White Knight installation) including the
field to the bottom of the stone in the field

- Installation of observation ports in the field to allow us to observe effluent levels
and take corrective action, if needed, prior to breakout reoccurring |

- Jetting of the leach field laterals to remove any solids or obstructions

- Installation of the White Knight

- Adding lime to the area of breakout

- Applying grass seed and hay over the breakout area.

- Weekly inspections until the system is confirmed to be functioning properly

Our response time can be quite fast, typically within 1 week, and with the procedures outlined
above we are able to bring a system back into compliance and eliminate the breakout much i
quicker than if an owner has to go through the process of a complete leach field replacement.

PO Box 2217, South Portland, ME 04106 Email: info@septicpreservation.com
Telephone 877-378-4279 Fax 508-222-2499
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We have encountered regulations that mandate a system be replaced if it presents a risk to public
health, however these regulations were written before biological remediation existed. While it is
important that a system be repaired it may not need to be replaced.

Picture D is of a system with severe breakout prior to installation. Picture E is of the same
location 3 months later.

When the White Knight is used to remediate an existing failed system the remediation process
does not distinguish between systems that have experienced breakout and systems that have not.
The effluent from the White Knights is very low in BOD and very high in dissolved oxygen.
This creates a condition where the entire field is converted to an aerobic digester and the
clogging material in the field is consumed and removed, restoring the proper function of the
system. To educate ourselves on how this process progresses we have installed level loggers in
several fields to track the remediation process. In all cases the ponding level has decreased
without going back into a breakout condition. Please see the remediation graphs provided. Each
of these graphs shows the ponding level in the field.

In both septic and aerobic systems there is waste, bacteria, and oxygen. In the septic system
oxygen is the limiting factor thus allowing an excess of waste to build up and clog the soils in the
field. Once converted to aerobic conditions oxygen is no longer the limiting factor creating a
situation where the waste is the limiting factor. In this situation the bacteria will reproduce until
they have consumed all of the waste that is clogging the field, restoring the proper operation of
the leach field. Picture A shows a clog matt in a septic leach field. The black slime is excessive
waste that has collected on the bottom of the leach field clogging the soils. Pictures B & C show
the healthy aerobic biomatt in the same system 1 year after installation.

Please feel free to contact me with any questions or requests for additional information.

Sincelely,

// e & C"}‘—‘

Robert F. Sllva
Vice President

PO Box 2217, South Portland, ME 04106 Email: info@septicpreservation.com
Telephone 877-378-4278 Fax 508-222-2499
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July 14, 2004

Kaight Treatment Systems
Aun: Jay Knight, President
281 County Route S1A
Oswepo, NY 13126

Subject: Revised Product Registration, Knight Treatment Systems iFhite Knight
Drear Mr. Knight;
Product Description

The Knight Treatment Systems White Knight consists of a 12 inch diameter plastic tube within which is a four inch
diameter plastic ube., The space berween the fubes is filled with loose spherical plastic media. A remole air pump
feeds air to a proprietary diffuser bencath the cuspated plates. A biological film is generated, which adheres to the
plastic media anc{) provides treatment of the water-bome contaminants. An outlet filter prevents solids carryover,
The Knight Treatment Systems White Knight is inserted ioto conventionat septic tanks. and'a proprietary innoculant
is introduced at regular intervals,

Claim

According 10 the information in our files, the Knight Treamment Systems Hhite Kuight significantly reduces nitrate
and BOD" levels; reduces suspended solids in the effluent: and rejuvenates biologically clogged disposal areas by
application of low-putvient, effluent with relatively high levels of dissolved oxygen. You have submitted addhional
data demonstrating that ponding in disposat areas is reduced. thereby restoring the absorptive capacity of the
disposal area. Ref.: Letier dated 5/20/04 with enclosures. Although the combined BOD; and TSS exceed the
reduction limits from Table 603.1 of the Subsurface Wastewafer Disposal Rules, you have previously supplied data
demonstrating tha! these levels represent acrobic microorganisms rather than untreated waste. On (his basis you
have requested a 50% design flow reduction for first time and replacement systems utilizing the Knight Treatment
Svstems White Knight.

Determination

On the basis of the foregoing, the Division has determined that the Knight Treaiment Systems White Knight is
allowed a design flow reduction adjustiment of 50%, provided that it is installed, operated, and maintained in

conformance with the manufacturer’s directions and Purchase/instaliation Agreement.

Because installation and owner maintenance has a significant effect on the working order of onsite sewage disposal
systems, including their components, the Division makes na representation or guarantee as to the efficiency and‘or
aperation of Knight Treatment Systems White Knight. Further. regisration of this product for use in the State of
Maine does not represent Division preference or recommendation for this product over similar products.

This letter supersedes the letter dated July 7. 2004, If you have any questions please feel free to comact me at (207)
287-3693.

Sincerely.

, /

7 James A. Jacc:&é‘«, Environmental Spectalist IV
/ ¢ Wastewater ayjd Plumbing Contro} Program
i/ Division of Hfealth Engineering

e-mail: james.jacobsen@maine.gov

13} _
Xc: Product File
Septic Preservation Services.

PHONRTE: {207) 287.5338 FAN: Admin. /' Plumbing/Earing & bLodging: 27
TTY: Duaf Hard of Hearine (207} 2K7.5530 Dirinkine Warer: {20

i



{Patent Pending)

White Knight Microbial Inoculator Generator™
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Design, Installation, Operation & Service Manual
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© 2008 Knight Treatment Systems, Inc. All Rights Reserved

Guardians of Water Quality®
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1-800-560-2454
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(I) INTRODUCTION

The Enhanced Biological Augmentation of Onsite Wastewater Treatment Systems is the methodology
of introducing a group of task specific selected microorganisms though inoculums in tandem with a
microbial inoculation generation device that is placed into an onsite wastewater treatment train,
typically the septic tank, to significantly improve overall treatment system performance, rehabilitate
dysfunctional systems and assure system longevity.

The White Knight Microbial Inoculator Generator™ (MIG) continuously inocuiates a septic tank or
other treatment vessel with naturally occurring selected strains of non-pathogenic bacteria selected
for their ability to metabolize organic material. Continuous inoculation is mediated through in-situ -
cultivation of I05-500™ inoculumss. Through airlift mixing, recirculation, and fine bubble aeration
principles the device brings the selected bacteria into contact with fixed film substrate and the
suspended organic compounds in a septic tank, or other process treatment vessel. The introduced
cultures of bacteria grow at logarithmic rates as they voraciously digest most of the organic
constituents that are found in the wastewater in addition to the organic waste matter that has been
transferred to the soil.

The fine bubble driven airlift features of the White Knight Microbial Inoculator Generator(MIG) are
designed to allow for more efficient transfer of oxygen and low maintenance, high rate circulation of
wastewater through the device, and across the fixed film media. An abundant oxygen supply
supports the introduced 105-500™ bacterial cultures providing for more rapid digestion. The tubular
configuration internal media is clog resistant and provides for uninterrupted flow across abundant
surface area for the establishment of the selected fixed-film culture.

Many of the natural bacteria found in wastewater such as the coliform group are not as aggressive at
decomposition of the arganic constituents found in wastewater and cannot compete with the I0S-
500™ introduced cultures. The tank serves as the breeding reactor that cultivates and releases the
introduced bacteria that are carried by the effluent stream out to the soil enhancing its treatment
capabilities and hydraulic functionality.




(1II) WHITE KNIGHT PRODUCT SPECIFICATIONS:

White Knight Microbial Inoculation Generation (MIG) Device:

1. The MIG device shall be manufactured from a rotationally molded single piece HDPE outer
plastic housing.

2. The MIG device’s housing shall have an internally partitioned ballast area in the base of the
unit that is easily filled with pea stone ballast material in the field.

3. The internal ballast partition shall serve as the primary anchoring member for the fine bubble
diffusion mechanism.

4, The internal fixed film media shall consist of a tubular clog resistant configuration that aliows
for the in service cleaning of the fine bubble diffusion membrane without disassembly of the
MIG or requiring its removal from the tank.

5. The location of the I0S-500™ inoculant must be fixed to the inoculating wand and placed in
the vertical path of flow just above the fixed film media of the MIG and in contact with the
flow stream while in operation.

Air Supply:

1. Air shall be provided to the MIG by an external 120-voit AC single-phase linear air pump
supplied by Knight Treatment Systems.

2. The supplied Control Panel shall be UL listed, equipped with an audio / visual alarm system
that senses the loss of air pressure and optional high water sensing contacts in a NEMA 4x
enclosure with a air pump run elapsed time meter.

3. Air supply pumps may be located in either an outdoor weather resistant enclosure or in an
indoor protected area.

4. All relevant electrical work must comply with the appropriate electrical codes.

5. Air supply lines shall be installed in such a manner that provides protection from damage due
to frost heave, vehicular and/or foot traffic.




Model Specifications:

Model BOD # of Size of Minimum Minimum Approx Diffuser
# toading Columns Column Air Pipe tank size Air Flow (CFM)
mg/l/ @ per Model (dja” X ID @ 2 PSI
500 gpd height”)
per unit
WK-40 up to 1 16" x 2" 1000 Gal 1.5
750 27.5"
WK-78 up to 2 16" x 34" 1500 Gal 34
1500 27.5"

Residential Application Guidelines:

1. Model WK-40: 1 to 4 bedrooms based on minimum 1.5 day residency time of average daily

flow within tank.

2. Model WK-78: 5 to 8 bedrooms based on minimum 1.5 day residency time of average daily

flow within tank.

Institutional & Commercial Application Guidelines:

The use of multiple units may be required based on wastewater composition, existing tank size and
average daily flow. Consult with Knight Treatment System’s representative for each specific potential

application. In general:

1. Institutional Waste Streams: Tank size must allow for minimum of 1.5 days residency time of
average daily flow with 2 or more days preferred. (1) Model WK-78 unit per 2000 gallons or

less of tank volume and up to 1500 mg/l/day BOD load @ 500 gpd.

2. Commercial Grease Interceptors: Tank size must allow for minimum of 2 days residency time
of average daily flow with 3+ preferred. (1) Model WK-78 per 1500 gallons or less of

interceptor volume and up to 1500 mg/l/day BOD load @ 500 gpd.

Air Supply Specifications:

Model # | Minimum | Maximum | Amps Volts
Output @ | Air Pump
2 psi Sound
(CFM) Level @
3!
WK-40 1.5 32 dBA 1.2 120
WK-78 3.4 36 dBA 2.1 120




UL Listed Alarm/Control Minimum Specifications:

Model # Voltage | Amps Failure Alarm Type Overtoad Switching
Max sensing protection
(amps)
WK-40 110/ 120 8 Pressure drop | Visual and 8 Normal/
+/or float Audible Silence only
WK-78 110/ 120 8 Pressure drop | Visual and 8 Normal/
+/or float Audible Silence only
White Knight MIG Column Drawing
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Installation Diagrams:

Important Note: All tanks must be water tight.
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Typical In Tank Installation WK-40

Cross Section View

OUTLET

455555
555550
555550

$55559%
AT

120 volt electrical supply through Alarm/Control Panel to Air Pump
Air pump installed in weather tight basin, outdoor location

%" ID plastic air supply line from pump location

Service risers for monitoring and maintenance

White Knight Microbial Inocutator Generator™ Column in 1%
compartment of 2 compartment tank.

Outlet equipped with Effluent Filter

System Alarm Panel

8. 10S-500™ |noculant Packet

Typical In Tank Installation WK-40

Plan View




Typical In Tank Installation WK-78

Cross Section View

OUTLET

120 volt electrical supply through Alarm/Control Panel to Air Pump
Air pump installed in weather tight basin, outdoor location

4" 1D plastic main air supply line from pump location to tee in riser.
%" 1D flexible air line from each side of tee to each column

Service risers for monitoring and maintenance

(2) White Knight Microbial Inoculator Generator™ Columns in 1%
compartment of 2 compartment tank.

Outlet equipped with Effluent Filter

System Alarm Panel

10S-500™ Inoculant Packets
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Typical In Tank Installation WK-78
Plan View




Deployment:

1.

MIG instaliation shall only be performed by a Knight Treatment Systems (KTS) trained and
authorized provider in conformance with KTS’s guidelines and in compliance with an local
regulatory requirements,

The MIG shall only be placed in structurally sound watertight septic tanks. The MIG must not
be installed in cesspools, block, steel, or other substandard tanks or in any septic tank of
volume less than 750 galions.

The septic tank shall provide for a minimum of 1.5 days residency time of the total estimated
daily flow of wastewater from the property and in any situation no less than 750 gallons in
volume.

The outlet of the septic tank must be equipped with an acceptable effluent filter.

The septic tank must have acceptable service risers meeting local regulatory requirements to
facilitate monitoring and maintenance.

In repair situations, a verifiable history of successfui performance of the absorption system
prior to dysfunction in tandem with a comprehensive site qualification performed by an
authorized provider trained by Knight Treatment Systems or a KTS authorized Distributor is
required.

Service & Warranty:

1.

A manufacturer’s component warranty program shall be provided to the property owner for
each MIG installed.

A comprehensive service program shall be provided to the property owner for each MIG
installed.

Service of the MIG shall only be conducted by KTS trained and authorized providers in
compliance with any local regulatory requirements and at a minimum of 6-month intervals.

A minimum initial one-year Operation & Maintenance (O & M) contract shall be provided with
each unit installed.

A valid O & M contract shall be in place for the life of the MIG.




(III) Site Qualification

The White Knight Microbial Inoculator Generator’s success is directly linked to the proper
determination of the root cause of an onsite system’s dysfunction. In order to determine whether or
not the dysfunctional system is a candidate for enhanced biological rehabilitation a thorough site
evaluation must be performed. To this end a competent authorized professional must perform a
comprehensive site evaluation and owner/operator interview and record search in determining the
actual nature of the problem(s) being experienced and to submit the appropriate permit
application(s).

The system’s infrastructure must be sound and free of defect. Septic Tanks, Distribution Boxes and
other components must be evaluated and repaired or replaced if found to be damaged or deficient.
All such repairs, if required by local authority, must be performed under an approved repair permit
and may be incorporated in the repair application in which the installation of the White Knight is
specified.

Surface water runoff infiltrating the system will have a major impact on the hydraulic performance
and treatment efficiency of the absorption system contributing to its dysfunction.

:
Sources of concentrated flow from impermeable areas such as rooftops and driveways must be
identified and directed away from system components. Visiting a dysfunctional system during or

shortly after a significant rain event can be invaluable tool in assessing the drainage patterns of the

property.




Inflows from leaky plumbing fixtures place a tremendous burden on the absorption system. Water
continuously trickling into the septic tank is a positive sign that either inflow and/or infiltration are
taking place.

Illicit discharge from sump pumps into the system may also be a contributing factor. Condensate
from heating / air conditioning appliances and water softener backwash has been demonstrated to
impact the processes of wastewater treatment systems. Conduct an in the home survey of all water
using fixtures and any sump pump connections in the presence of the property owner and identify
the appropriate corrective measures that would need to be taken.

For a dysfunctional OWTS application the physical &
verification of the existence of a clogging mat is
an important evaluation practice. Typically the
upsiope edge of the leachfield is located with a
probe and a small excavation is created in close
proximity above the leachfield to a depth below
the bottom of the leachfield.

Once the initial excavation is made and ground
water is not encountered the excavation is moved
towards the leachfield’s soil interface to establish
the presence of the clogging mat. Typically the
internal hydrostatic pressures of the leachfield will breach the clog mat and fill the hole with efﬂuent
The thickness of a clog mat will vary and is x :
dependent upon soil structure and texture. Loose
granular solls exhibit a thicker and more
pronounced appearance than tighter soils.

Depth to ground water and its movement plays a
major role in the functionality of a ieachfield and
its ability to treat wastewater. The hydrology of a
lot can be impacted and dramatically change from
the time of original system siting due to
neighboring development. In such a situation the
instaliation of a swale, curtain or perimeter drain
may be a necessity to protect the teachfield from becommg saturated. Consult with the approprlate
regulatory authority for direction if ground water impacts are discovered during the site evaluation.




(1V) Installation

The following components are provided with each White Knight MIG supplied by Knight
Treatment Systems:

Model WK 40 - (1) Generator Column, H40 Air Pump, Air Pump Housing, (2) IOS-500™ Inoculant
Packets, Pressure Sensing Alarm Panel with pump run hour meter, 25’ Alarm Tubing with 2" PVC
SCHA40 sensing tee, 1% year of component warranty coverage, 1% year of 6-month & 12-month
service notifications, (1) I0S-500™ Inoculant Packet shipped at time of 12-month service notification.

Model WK 78 - (2) Generator Columns, H80 Air Pump, Air Pump Housing, (4) I0S-500™ Inoculant
Packets, Pressure Sensing Alarm Panel with pump run hour meter, 25’ Alarm Tubing with 2" PVC
SCHA40 sensing tee, 1** year of component warranty coverage, 1° year of 6-month & 12-month
service notifications, (2) I0S-500™ Inoculant Packet shipped at time of 12-month service notification.

All other components for a complete and proper installation shall be supplied by the installer, which
include but are not limited to:

Air supply line between air pump and MIG column locations.

Air supply line transition fittings, glue, sealants, etc.

Electrical supply to Alarm Panel and Air Pump

Effluent filter.

Replacement tank if necessary.

Riser system if necessary.

All tools and services required for a complete and proper instaliation.

*® & o o & & »

Important Note: The following directions are provided with the assumption that those involved with
the installation of the White Knight Microbial Inoculator Generator hold knowledge of, adhere to,
practice and promote the protection of the health and safety of their cofleagues, the public and the
environment. Becoming educated in and complying with all Industry and OSHA Safety Requirements
and governing Regulatory Requirements is the sole responsibifity of the installer. Knight Treatment
Systems, Inc. assumes nho tisk or liability for ahy omissions or actions of the installer or by others
associated with the instaflation.

1) Expose the top of septic tank. The tank must
be pumped, visually inspected and ALL solids
removed prior to installation of the White
Knight™. Tanks and risers must be
watertight. Openings, risers, and tank
interior must be structurally sound and
intact. Septic tanks found to be corrupt must
be replaced with a tank that meets focal
requirements.




2) Ariser system meeting local regulatory
requirements must be used where absent at
the inlet location where the White Knight™
will be installed and at the outlet of the septic
tank for effluent filter servicing. The minimum
diameter of the opening for the White Knight
should be 20 inches. Caution must be
exercised in the modification of an existing
opening for the installation of the White
Knight.

3) All risers must be installed watertight and extend just above finished grade. Lids shall conform
to any local regulatory requirements and prevent unauthorized entry.

4) The Leachfield must also be drained of ponded effluent. This can be accomplished via access
gained at the Distribution Box and by excavating at the lowest point of the Leachfield and
pumping out the ponded effluent. Where absent, Knight Treatment Systems recommends that a
Distribution Box Access Riser and Cover system be installed, be water tight and allows for the
monitoring of system performance.

IMPORTANT NOTE: Lines containing settled sludge must be jetted.

Ponded Effluent Removal from
Leachfield

e ik i

Ponded Effluent Removal from
Distribution Box




5) The location for the White Knight MIG Column™ is the inlet side of both single compartment
and two-compartment tanks, centered as iliustrated by the diagrams below. Column should be
placed equidistant from the near end and side walls.

Single Compartment Tank Dual Compartment Tank

6) Instaliation and placement of the White Knight MIG Column must not interfere with the function
of the inlet tee. If the tee is modified to facilitate installation it must be restored to code
compliant condition.

7) Septic tank openings may need to be modified. If the White Knight Column cannot fit into an
existing opening any opening modification must not compromise the overall integrity of the
tank.

8) The optimum depth for the bottom of the White Knight™ is 4 feet below the surface of the
liguid in the tank. When tanks are encountered with liquid operating depths greater than 5 feet
elevate the White Knight™ to the optimum depth. Utilizing 6 stainless steel 1.5" long screws
securely fasten an inverted 5-gallon plastic bucket to the bottom of the tower with holes created
in the base of the bucket to prevent floatation. Trim sides of the inverted bucket to achieve the
optimum depth. For tanks with depths greater than 6 feet suspending the White Knight from the
riser with non-corrosive attachments is also an acceptable practice.




White Knight Depth Adjustment Illustration

> >
Suspending Non-
Corrosive
Attachments or I Depth
Inverted Bucket SE
Pedestal | ... s B S

CAUTON: NEVER ENTER A SEPTIC TANK OR OTHER CONFINED SPACE WITHOUT
FOLLOWING OHSA REQUIREMENTS & PROCEEDURES!

9) Ballast must be added to the White Knight prior to its placement into the tank. Locate the plug
near the base of the tower and completely fill ballast compartment with clean, small diameter
pea stone replacing plug when completed.

10) A effluent filter is required. When absent
install an appropriate effluent filter and
service riser system at the outlet of tank.
Failure to instail an effluent filter will result in
voiding of any performance warranty.

11) Any baffling that has been removed to
facilitate installation must be returned to a
code compliant condition.




12) The locations for the Alarm Panel and Air Pump Basin shouid facilitate running of airline to the
White Knight riser and the related electrical connections for the panel and air pump. The
location should shield the basin from direct sunlight and weather events in so much as possible.
Air Pump Basins should be slightly elevated when flooding is a possibility and always placed on a
2" bed of washed gravel to facilitate drainage. Drill airline entry hole in bottom of basin over
sizing the penetration to allow for the drainage of any water that may find its way into the
basin.

mE

13)A trench must be provided for the air supply line between the Air Pump location and the White
Knight service riser. Excavation may be accomplished by either hand or with the use of power
equipment. Trench should uniformly slope from the air pump location to the service riser to
prevent any airline condensate from pooling. When performing an excavation make sure you
are in compliance with local procedure and safety practices with regard to the protection of
underground utilities.

NOTE: Where an airline must cross vehicle traffic or parking areas such as a
driveway the air supply line should be protected by placing it in a sleeve such as a
1” ID Schedule 80 PVC pipe installed a minimum of 12" below the surface of the
traffic area.




14. The air supply line can be either Schedule 40 PVC or HDPE piping, 2" ID minimum for White
Knight Model WK-40, 34" for White Knight Model WK-78. HDPE piping is recommended as it
reduces the amount of connections to be made minimizing the potential for air leaks.

15.Place a 2” x 8" x 16" cinder or patio block in basin as a base for the Air Pump. Install airline
through bottom of basin. Install the pressure-sensing tap near the Air Pump into the airline
making the appropriate transitions in making connections.

16. Indoor air pump locations may create service complications due to fack of accessibility during
property owner or tenant absences and should be avoided if possible. When indoor installation is
necessary, locate indoor air pumps in an easily accessible area of the building’s basement, a
garage or a utility room on a stable base.




17. After positioning air pump, have an electrical contractor or qualified electrician, having obtained
all necessary permits; connect the alarm panel and air pump according to the National Electrical
Code, any applicable focal codes, and in compliance with wiring diagram provided by Control /
Alarm panel manufacturer. Do not turn on electricity at this point.

IMPORTANT NOTE: ALL EXTERIOR ELECTRICAL CONNECTIONS MUST BE INSTALLED AND
PROTECTED BY NEMA LISTED EXTERIOR WEATHER TIGHT CONDUIT AND FITTINGS.

18.Run the airline into the riser. On installations where two White Knight towers are used, a tee
and valves are required to divide and balance the airflow between the towers. When using 34"
piping for the main air supply line make the transition at the tee to ¥2" ID piping with
adjustment valves to feed each tower.

Piping and any manifolds should be configured so, that if necessary, the tower is capable of being
removed without causing damage to the air supply line that enters the riser. Where an airline must
cross vehicle traffic or parking areas such as a driveway the air supply line should be protected by
placing it in a sleeve such as a 1" ID Schedule 80 PVC pipe instalied a minimum of 12" below the
surface of the traffic area.




19. White Knight towers are manufactured to receive 2" ID Schedule 40 PVC pipe. A coupling is
located at the top of the tower to one side for the air supply connection. PVC Solvent Weld
Primer must be applied and PVC Solvent Weld Glue must be used. When gluing fittings
together slowly twist the assembled components until a “set” can be felt.

The use of flexible piping between the tower and air line entry point in the riser is acceptable and
may facilitate the placement of multiple towers through a single access opening. Threaded
connections must be airtight and the use of a liquid Teflon pipe joint compound should be used.

20. With a length of airline connected to the tower lower the tower into place. For deep
installations in may be necessary to place an extension onto the supplied lifting rope. Make
sure that the unit is resting level on the bottom if a pedestal is used, stable and centered as
close as possible in the tank compartment in which it is being instailed but accessible from the
service riser. Connect the air supply lines and secure the lift out line.




21. Activate the air pump and with the White Knight tower in place and refill the tank to normai
operating level with clean water. Caution must be exercised for properties served by a well
with regard to depleting the water supply. Always attain property owner permission to make
use of their water supply. In situations where there is questionable well capacity water should
be brought in to refill the tank.

DO NOT REFILL TANK WITH SEPTAGE FROM PUMPER TRUCK,

22.The 10S-500™ is placed into the system via a 1” PVYC wand shipped with the unit that must be
assembied.

Wand Assembly
[ | — [] |

The wand is then inserted into the center of the tower’s tubular media with the I0S-500™ inoculant
packet affixed to the “Tee” side of the coupling with the supplied plastic cable ties.

The coupling serves a dual purpose, as a stop to prevent the tapered end of the wand from coming
into contact with the fine bubble diffuser located beneath and the method to attach the upper portion
of the wand. The upper portion serves as the point of attachment for the 10S-500™ inoculating
packet and is provided with a “Tee” fitting which facilitates wand placement, removal and allows for
maximum circulation of the air lifted effluent throughout the tank. The I0S-500™ inoculant must
not be put into place until the system is active and the liquid level in the tank provides at
least 2 12" of cover over the top of the tower.




23. Determine the amount of liquid that will cover the top of White Knight tower under normal
operating conditions and adjust the inocuiating wand so that the “Tee” of the wand protrudes
2" above the normal operating level of the wastewater.

24.Fix the inoculant packet to the wand just above the coupling using the provided plastic cable
ties. Trim tie ends and insert the wand into the center of the White Knight up flow until the
coupling makes contact with the top of the tubular media.

25. The airlift action of White Knight should
display a rolling robust circulation pattern at
the surface of the liquid above the tower
without noticeable glugs or gurgles. Visible
bubbles should be very smalil in size and
typically no larger than a small pea. An erratic
flow pattern, larger size bubbles and unusual
sounds are indicators that an air leak is
present or something is caught in the tower’'s
media column interfering with the upward flow
pattern and must be corrected. Debris may be
cleared by inserting a 2" diameter pole or
ridged plastic tube, with sharp edges broken,
down through the tubular media repeating the process several times untif the blockage breaks
free.




26. Secure all access covers and restore excavated areas. Complete the White Knight MIG™
Installation Registration Form provided with the unit returning it to Knight Treatment Systems

in a prompt fashion.

27.Areas of the absorption system that had broken out and have untreated sewage exposed must
be addressed. Apply lime to the affected area followed by a thin layer of topsoil, seed and

mulch.

(V) Operation:

1) Following installation, operational guidelines and the requirement of routine periodic
maintenance must be reviewed with the Owner / Operator of the system. A “White Knight
Microbial Inoculator Generator™ Owners-Operators Manual” is supplied by the manufacturer to

assist with this task.

2) Each OWTS will develop its own unique operational personality over time based on operator
input and change of usage patterns. Periodic adjustments may be required of the Owner-
Operator as the operational personality evolves.




(VI) Service & Maintenance

1) Routine residential service is conducted every 6
months through a maintenance contract with a KTS
authorized provider. Commercial / Institutional
system requirements will vary and must be tailored
for each specific application. However,
approximately two weeks following the White Knight
installation a follow up visit must be conducted by
the installer and reinoculation performed. The
second I0S-500™ inoculant packet that was
shipped with the White Knight is used for this
purpose.

Knight Treatment Systems, Inc. will notify each
system’s registered service provider 30 days in
advance of a normal service visit. Following
instaliation, routine service must be conducted at
the scheduted intervals with reinoculation occurring
annuaily.

2) Upon removal of the wand the packet should
exhibit brownish colored biofilm. This biofilm may
also form on other system components. The bubble
pattern should be robust and rolling, as it was when
the unit was first activated.

3) Wearing proper personal protection equipment,
remove the old inoculant packet from the wand,
open the packet and empty its contents back into
the tank. Do not throw the used inoculant sack back
into the tank. Place the sack and the removed zip
ties into empty the plastic bag that the replacement
packet came in, carefully seal the bag and place this
into another suitable container and dispose of with
household trash. Affix new inoculant packet to the
wand and reinsert the wand into the White Knight
tower.

4) Effluent removed from the flow stream of the White Knight and placed into a clear container
should be translucent and light in color with an appearance similar to that of “Lemon Aid” with no
offensive odor.




5) As part of each service visit a ¥2" diameter pole
or ridged plastic tube with sharp edges removed
shoultd be inserted down through the media column
of the tower and the diffuser membrane gently
bumped several times white in operation. Biofilm
sometimes form on the membrane, which could
reduce fine bubble production if allowed to build
up. “Bumping” the diffuser breaks free any biofiim.

6) The effluent filter must also be checked. It
shouid appear relatively free of undigested organic
materials and will typicaily have light brownish
biofilm on it. Inorganic materials should be
removed and disposed of properly. Do not remove
the beneficial biofilm.

7) Should extraordinary amounts of foaming be
encountered it is typically caused by the over use of
detergents or the use of high sudsing formulations.
Spraying the foam with water from a garden hose
will knock down the suds so that the system can be
maintained.

8) Infrequent foaming events will not have a major
impact on the overall performance of the White Knight but can cause nuisance concerns and trouble
calls should the foaming become visible. The user must be made aware of the situation and

corrective actions implemented.

9) The air pump’s air filter must be removed and cleaned annually unless unusual dust conditions
exist. The foam filter is easily cleaned by washing in a mild soap and water solution, rinsed and
allowed to dry. Cleaning and rinse water should be disposed of at the inlet side of the tank.



(VII) Forms

White Knight MIG™ Site Evaluation Form

Owner / Operator Interview:
Property usage
Single Family Residential

Multi Family Residential

Commercial/Institutional Type of enterprise
How long has property been occupied? years
# Bedrooms # Tubs/Showers Hot tub, spa, whirlpool bath?

Garbage Disposal Unit? Y N
Food Service? Y N Number of Meals Per Day
Commercial Dish Washer? Y N

Grease Trap / Interceptor? Y N Size

Water Supply? Well Municipal

Water Meter? Y N If yes average daily flow

If well, does a water purification/softener backwash discharge into septic system?

Does the property have asump pump? Y N Discharge into septic system?

Laundry discharge into septic system? Y N Laundry detergent? Liquid Powder

Describe Laundry & Cleaning Habits {products used and how often):

Has property usage expanded since installation of original septic system Y N

Has usage of property changed since installation of original septic system?

If yes, describe changes.




Trouble Symptoms

Drain back-up ___ Visible effluent _____ Evidence of Previous Breakout

Lush vegetation __ High tank level __ Liquid Level in Tank Above Outlet Invert
Odor ____ Frequent Pumping ___ Other

Septic System

Type of System

{Cesspool, tank and leach field, other)

Age of system Plan available Y N Date last pumped
Attach copy of record of pumping, if available

Septic tank size Tank Material Concrete Plastic Metal
Pump chamber Y N Distributionbox Y N Unkown
Leachfield type & size
Pipe/stone___ Plastic Chambers___  Concrete Chambers__ Seepage Pit___

Other (specify)

Prior attempts to fix system Y N If yes, what and when

Permit numbers for prior repair work performed

Site Investigation:

Time and Date ofSite Visit:

Septic tank size Tank Material

Tank Condition (observed following pumping)

InletAccess Y N Center Access Y N Discharge Access Y N

Date of Pump Out & Name of Pumper




Depth of tank from inside bottom to outlet invert Depth of soil cover over tank

Baffle condition Discharge effluent level " above outlet invert

Septic Tank Discharge pipe description

Grease Interceptor Size Tank Material

Tank Condition (observed following pumping)

Inlet Access Y N Center Access Y N Discharge Access Y N

Date of Pump Out & Name of Pumper

Depth of tank from inside bottom to outlet invert Depth of soil cover over tank

Baffte condition Discharge effluent level " above outlet invert

Grease Interceptor Discharge pipe description
Ponded Effiuent level in leach field/trenches

Biological dogg'ing confirmed Y N
(If yes, attach photo)

Soil Type & Description

(Attach photo)
Observed Depth to Ground Water Storm Water / Snow Melt Infiltration? Y N

Apparent structural damage or other unusual findings
{Attach photo)

Provide sketch of system layout and cross section of absorption system below. Please
indicate all breakout points, boundaries and depth of ponded effluent within system,




Installation Requirements:

Length of airline run ft Length of electrical run ___ ft

Jetlines: Y N RIDEM Approved Effluent Filter (circle one): In Place / Must be Installed
Tank(s) requires service riser(s) & covers? Y N

Tank(s) require replacement? ¥ N

Additional tanks required? Y N

Depth of tank top from finished grade in. Need in. of riser
Distribution Box requires service riser & cover? Y N Box is: Concrete_ Plastic Size
Depth of D-Box top from finished grade in. Need in. of riser

Distribution line or other modifications needed:

Does System qualify for White Knight? Y N
Additional Repair Permits Required? Y N

Additional Comments:

Evaluation Performed By:




White Knight Microbial Inoculator/Generator™
Service Visit Record

Owner Name Unit Serial Number

Date Visited Field Technician

Purpose of Visit Routine Maintenance __ Customer Concern __ 2 Week Spot Check
Tank

Liquid appearance: __ Translucent _ Clear _ Other (specify)

Liguid odor: __ None __ Perfumed ___ Noxious ___ Other (specify)

Bubble Pattern: _ Normal __ Abnormal (describe)

Unusual observations:

Effluent Filter: ____In Place

___ Housing to outlet pipe secure
_ Cleaned ____ Hair / Lint buildup

Notes:
White Knight: ___ Biological Growth Visible Color
__ Ample flow through unit ___ Unit Clogged with
__Inoculant replaced __ Unit removed & cleaned
Notes:

Air Supply & Control Panel

Location: Outdoor Indoor Hour Meter Reading

____ Pump Operating Properly ____ Air Filter Clean ____ Alarm Operating Property

Notes:




Soil Absorption System

Weather: Precipitation previous 48 hrs Time of inspection
Surface Condition: Dry & Firm Soft & Spongy
Saturated Breakout / Location(s)

Distribution Box accessibility via Riser to grade: Yes No

If yes inches static water above outlet inverts,

Notes:

Repairs or Modifications Performed:

Additional Comments:

Service Visit Report Left With Property Owner

Technician's Signature







“Guardians of Water Quality”.

281 Co. Rt. 51A, Oswego, NY. 13126

1-800-560-2454 / 315-343-2454 [ Fax 315-343-6114
website: www knighttreatmenisystems.com

White Knight™ Specification Data
Unit Description

The White Knight Microbial Inoculator/Generator™ is commonty utilized for the bioremediation of soil
based consite wastewaler treatment systems and may also be used {o enhance the treatment capabilities
of others. The unit is compact in size and easily fits into either new ar sound existing tankage.

Model Numbers and Typical Applications

WK-40 Residential applications
WK-78 Large residences and small commercial applications
WHK-1xxLarger, custom designed, or municipal applications

Treatment Unit Specifications
Model # | Maximum | Minimum Tank | # of Media Size of Minimum | Recommende | Approx
recommen | Size (gallons) Towers Media Air Pipe d maximum Diffuser
ded BOD Tower (dia" size number of Air Flow
loading X height”) bedrooms {CFM)
(Ibs/day)
WK-40 4 500 1 16" x 27.5" Ve 5 1
WK-78 6 1000 2 16" x 27.5" 3" 8 2
WIK-1xx varies 1000 varies 16" x 44" ¥ varies Varies
Air Supply Specifications
Model Pump Output @ 2 | Watts Amps Volts | Pump Dimensions Basin Dimensions
# Model # psi (CEM)
WK-40 | Thomas 1.58 0.9 115 6.83" x 8.09" x 13" Hx24"Lx 16" W
5040A 7.79"
WK-78 | Thomas 3.2 2.1 115 8.94" x 7.05" x 13" Hx24"Lx16"wW
50783 8.59"
WK-1xx Call for specifications
Conftroller Specifications
Modei # Voltage Amps | Failure sensing Alarm Type Overload Switching
Max protection (amps)
WK-40 115 8 Pressure drop Visual and 8 Normal/
+lor float Audibie Silence only
WK-78 115 8 Pressure drop Visual and 8 Normal/
+for float Audible Silence only
WHK-1xx 116 Varies Pressure drop Visual and varies Normal/
+/or float Audible Silence only
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PLORIDA DEF, OF

Jeb Bush I—IEAL . John O. Agwunobi, MD.MB.A, MPH.

Govermor Secrdary

August 24, 2005

Douglas J. Nelson, P.E.

Vice President, Sclence and Engineering
Knight Treatment Systems

281 Co. RL 51A

Oswego, NY 13126

Re: White Knight™ Microbial Inoculator Generator
Dear Mr. Nelson:

This letter is in re‘%ponsa to your August 22, 2005 letter requesting clarification of the status of
the White Knight™ Microbial Inoculator Generator in Florida, The county health departments
were advised by email dated November 15, 2002 that the department had no objection to the
use of this praduct to inject the 10S-500 additive in accordance with manufacturer's
recommendations. Installations must be in accordance with 64E-8 provisions for electrical
wiring and tanks. This injection system, in combination with the [0S-500 product, may be used
as an atternative repair method as set forth in $. 64E-6.015(3), FA.C,

Be advised that the department is not a testing agency and that this determination reflects only
a review of the information submitted by you for compliance with Florida Statutes and Florida
Administrative Coda. Our product evaluation does not investigate the validity of performance
claims by manufacturers. For this reason, dapartmentat accaptance must not be interpreted

as cerlifying effectiveness, endorsing or recommending use of an additive. There shali be no
advertising of the White Kniight™ Microbial inoculator Generator as state approved. The Fiorida
Deapartmant of Health also does not assume fiability for any promise, guarantes or expectation
from purchasing or using the product. The department reserves the right to withdraw
acceptance if product formulation, injection method or ingredients are modified after product
evaluation by the department or subsequently found not to be in compliance with rule.

This istter of compliance is limited to Department of Health jurisdictional circumstances as
defined in Chapter 84E-6, Florida Administrative Code and Chapter 381.0065, Florida Statutes,
If we may be of further assistance or should you have any additional questions regarding this
letter, please call Mr. Paul Booher at (3562) 922-2159.

Sincarely,
b

Gerald R. Briggs, Chi
Bureau of Onsite Sewage Programs

Divizion of Environments! Health, Burean of Onsite Sewsge Programs
4052 Bald Cypress Way, Bin #A08, Tallabassee, Florida 32399-1713




FLORIDA DEPARTMENT O

SALTE
Jeb Bush ' Iohn Q. Agwuncbi, M.D,, MB.A,

Governor Secrc,tan

Aprit 12, 2002

Mr. Robert W. Rawson
Internationai Organic Solutions
P.O. Box 157

Sebastopol, CA 95473

Dear Mr. Rawsorny:

This letter is to acknowiedge receipt of the information concerning the product "105-500" for
statewide use in Florida. No product sold in the state for use in onsite sewage {reatment and
disposal systems may contain any substance in concentrations or amounts that would
interfere with or prevent the successfut operation of such system, or that would cause
discharges from such systems to violate applicable water quality standards, section
381.0065{4}(m}, Florida Statutes.

The staff has reviewed the information provided in the MSDS, 96-hr LCsy toxicity test resulis,
and laboratory results on volatile organic compounds for the product. The depariment has
determined that the product, 108-500, to be in compliance with s, 381.0065(4)(m), F.S. and has
no objection {o the use of the product in accordance with manufacturer's specifications. Please
be advised that all rules pertaining 1o the use of the products shall be observed and that there
shall be no advertising of the products as state approved. '

Be advised that the department is not a testing agency and that this determination reflacts only
a review of the information submitied by you for compliance with Florida Statutes and Florida
Administrative Code. The product evaluation does not investigate the validity of performance
claims by manufacturers. For this reason, departmental acceptance must not be interpreted
as cerlifying effactiveness, endorsing or recommending use of an additive. The Florida
Department of Health also does not assums llability for any promise, guarantee or expectation
from purchasing or using an additive. The depariment reserves the right to withdraw
acceptance if product formulation or ingredients are modified after product evaluation by the
department or subseguently found not to be in compliance with rule,

This letter of product compliance is limited to Department of Health jurisdictional circumstances
as defined in Chapter 84E-6, Florida Administrative Code and Chapter 381.0065, Florida
Statutes.

If we may be of further assistance or should you have any additional questions regarding this
letter, pleasa call Dr. Sonia Cruz at {(407) 317-7325.

Sincerely,

('V' , NP < %
Gerafd BnQQS Chief

Bureau of Onsite Sesv.raﬁeT Programs

Division of Environmental Health, Bureau of Onsite Sewage Progrums
4052 Baid Cypress Way, Bin #A08, Tallahassee, Florida 32399-1713




Robert W. Rawson

P.O. Box 157, Sebastopol, CA. 96473
Phone {707) 824-1282 Page (707) 323-2263
hwsi@sonic. gt

Ms. Sonia Cruz
Florida DHS
(407}~ 317-73256

Dear Sonia,
You asked me to send two itlems:

1. A clean or more readable copy of the VOC test results.
2. The product application rate as it is stated on the label.

1. | have attached a file called VOC.BIF which is a bitware fax file containing 11 pages that can be opened
to produce a semi-clean readable copy of the VOC test results. i would take a week to load any other file
type this large. | will send you a hard copy of the report by mail for your permanent file. In a subsequent set
of E mail messages | will send you four large but more readable TIF files containing the LC-560 resuits

{ LC50= 197.68 mg/L. Since these are large files they need to be sent individually and separately so they will
toad and send in a reasonable length of time,

2. 108 500 is supplied in several forms. We sell 108-500 in 25 pound sacks and in one haif pound porous

packets. The manufacturers recommended dose rate for a one thousand gallon septic tank is:
8 ounces = 0.5 pound = 227 grams = 0.06 grams per liter

grams per liter,

The Label states; The reconmmended and maximum dose rate for septic tank freatment is 8 ounces per -

n septic or grease intorceptor tank volume.

Please send me your mailing address so | can send clean hard copy. | am also copying our correspondence
1o fir. Marshal Faircloth at joseph faircloth@dep. state.fl.us and to Jay Knight the New York Distributor.

if you have any questions please do not hesitate to call me. | appreciate the effort you have made to assist
us in this application.

Sincerely Yours,
Bob Rawson

03/25/2002
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July 14, 2004

Knight Treatment Systems
Atm: Jay Knight, President
281 County Route S1A
Oswego, NY 13120

Subject: Revised Product Registration, Knight Treatment Systems White Knight
Dear Mr. Knight:
Product Description

The Knight Treatnent Systems Whire Knight consists of a 12 inch diameter plastic fube within which js a four inch
diameter plastic tube. The space between the mbes is filled with loose spherical plastic media. A remote air pump
fecds air 1o a proprietary diffuser beneath the cuspated plates. A biological filny is generated. which adheres to the
plastic media and provides treatment of the water-borae contaminants. An outlet filier prevents solids cartyover,
The Knight Treatment Svstems White Kiight is inserted into convemional septic tanks. and a proprietary innoculan
is introduced at regular intervals,

Claim

According 1o the information in our files, the Knight Treatment Sysiemis Hlute Knighi significantly reduces nitrate
and BOD" levels; reduces suspended solids in the effluent; and rejuvenates biologically cloggeed disposal areas by
application of low-putrient, effluent with relatively high levels of dissolved oxygen. You have submitted additional
data demonstrating that ponding in disposal areas is reduced. thereby restoring the absorptive capacity of the
disposal area. Ref: Letter dated 5/20/04 with enclosures. Although the combined BOD. and TSS exceed the
reduction limits from Table 603.1 of the Subsurface Wastewater Disposal Rules, vou have previously supplied data
demonstrating that these levels represent acrobic microorganisms rather than untreated waste. On this basis you
have requested a 50% design flow reduction for first time and replacement systems utilizing the Knight Treatment
Svsterns White Knight,

Petermination

O the basis of the foregoing, the Division bas determined that the Knight Treatment Systems White Knight is
atlowed a design flow reduction adjusiment of 50%, provided that it is mnstalled, operated, and mairtained in
conformance with the manufacturer's directions and Purchase/instaliation Agreement.

Because instailation and owner maintenance has a significant effect on the working order of onsite sewage cisposal
systems, including their components, the Division makes no representation or guasantee as 10 the efficiency and‘or
aperation of Knight Treatment Systems White Knight. Further. registration of this product for use in the State of
Maine does not represent Division preference or recommendation for this product over similar products.

This letter supersedes the letter dated July 7, 2004, 1f you have any questions please feel free to contact me at (207}
287-5695,

Sincerely.

/
/f; %%Z K/C’f‘?/%m_

" James A. Jac{i&é}. Environmental Specialist IV
/' Wastewater arfd Plumbing Contro} Program
i/ Division of Health Engineering
e-mail: james jacobseni@maine gov

5aj _
X Product File
Septic Preservation Services.

Farxs; Admin./Plumbing/Eatng: & Ledging:

[F
T
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COMMONWEALTH OF MASSACHUSETTS
EXECUTIVE OFFICE OF ENERGY & ENVIRONMENTAL AFFAIRS

DEPARTMENT OF ENVIRONMENTAL PROTECTION
ONE WINTER STREET, BOSTON, MA 02108 617-292-5500

PEVAL L. PATRICK TIAN A, BOWLES
Governor Secretary
TIMOTHY P. MURRAY LAURIE BURT
Lieutenant Governor Commissioner

REVISED OF APPROVAL FOR REMEDIAL USE
Pursuant to Title, 310 CMR 15.000

Name and Address of Applicant:
Knight Treatment Systems
281 County Route 51A
Oswego, NY 13126

Trade name of Technology: White Knight Inoculator/Generator Alternative Treatment System
(hereinafter called the “System”). Schematic drawing of a typical System and Technology
checklist are attached and are a part of this Approval.

Transmittal Number: X229939

Date of [ssuance: October 19, 2004, August 16, 2007, modified March 6, 2008,
modified April 4, 2008, modified September 5, 2008, Renewed
November 19, 2009, Revised December 22, 2010.

Expiration date: November 19, 2014

Authority for Issuance

Pursuant to Title 5 of the State Environmental Code, 310 CMR 15.000, the Department of
Environmental, Protection hereby issues this Approval for Remedial Use to: Knight Treatment
Systems, 281 County Route 51 A, Oswego, NY 13126(hereinafter “the Company”), approving
the System described herein for Remedial Use in the Commonwealth of Massachusetts. Sale and
use of the System are conditioned on compliance by the Company and the System owner with
the terms and conditions set forth below. Any noncompliance with the terms or conditions of this
Approval constitutes a violation of 310 CMR 15.000.

' December 22, 2010

David Ferris, Director Date
Wastewater Management Program
Bureau of Resource Protection

This information is avaitable in alternate format. Call Donatd M. Gomes, ADA Coordinator at 617-556-1057. TDD# 1-866-539-7622 or 1-617-574-6868.

MassDEP on the World Wide Web: http://www.mass.gov/dep
ﬂ Printed on Recycled Paper
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1

Purpose

L.

The purpose of this approval is to allow use of the System in Massachusetts, on a
Remedial Use basis to repair systems failing to protect public health and safety and
the environment where failure has occurred as described in 310 CMR 15.303 (1) (a)
(1) and (2) due to clogging of the soil absorption system (SAS).

The System may only be installed on facilities that meet the criteria of 310 CMR
15.284(2).

This Approval for Remedial Use authorizes the use of the System where the local
approving authority finds that the System is for upgrade of a failed, failing or
nonconforming system and the design flow for the facility is less than 2,000 gallons
per day (GPD).

I1. Design Standards

1.

The System consists of a microbial inoculator/generator consisting of: a linear air pump
operated on a continuous basis and capable of providing 1.5 to 2.5 cfim of air; a bacterial
inoculant 1s placed mto the syster in a sealed geotextile bag; and a fine bubble diffuser.
The unit is installed in an existing septic tank or a new sep tic tank designed in
accordance with 310 CMR 15.223 through 15,228 with an effluent tee filter. The
System converts the septic tank into a bioreactor to treat residential strength wastewater
from facilities with a design flow of less than 2,000 GPD. The treated effluent is
discharged to the existing soil absorption system.

A microbial culture is established in the septic tank and mamntained using the acration
device and the bacterial source. The aerator mixes the contents of the septic tank with
the bacteria and aerates the liquid. The System’s biomass reduces both the biochemical
oxygen demand (BODs) and the total suspended solids (TSS) concentration in the
effluent from the septic tank. The effluent from the septic tank contains dissolved
oxygen and System bacteria that discharge to the SAS and act to reduce the thickness of
the biomat improving the soil absorption capacity.

Prior to installation of the System, the site and existing system shall be evaluated in
accordance with 310 CMR 15.100 through 15.107. The existing on-site system
including the septic tank, distribution box and SAS shall be inspected in accordance
with 310 CMR 15.302. The evaluation shall include identification of existing
components, their compliance with 310 CMR 15.000, cause of failure, and the location
for the upgrade of the system if required in the future.

A System shall not be proposed for installation where:

A. The high groundwater elevation determined in accordance with 310 CMR
15.103 would be less than two feet in soils with recorded percolation rate more
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6.
1.

than two minutes per inch or less than three feet in soils with a recorded
percolation rate of two minutes per inch or less below the bottom of the SAS.

B. A facility for which the site investigation indicates that the existing onsite
system was designed and installed for a design flow smaller than required by
310 CMR 15.203. The minimum area for the existing SAS shall not be less than
50 percent of the area required m accordance with 310 CMR 15.242.

C. The existing septic tank(s) has not been tested and shown to be watertight.
D. The existing system includes a leaching pit or cesspool.
E. A site investigation indicates that the existing soil absorption system must be

removed and replaced prior to installation of the System.

For seasonal use, the System shall be reactivated by the addition of a fresh culture of
bacteria at each start up and ensure System is operating properly.

System installation shall not include modifications, excavations, or any other changes to
the existing SAS, with the exception of the work required in section 111 (7).

General Conditions

1.

All provisions of 310 CMR 15.000 are applicable to the use of this System, the
System owner and the Company, except those that specifically have been varied by
the terms of this Approval.

Any required sample analysis shall be conducted by an independent U.S. EPA or
DEP approved testing laboratory, or a DEP approved independent university
laboratory. It shall be a violation of this Approval to falsify any data collected
pursuant to an approved testing plan, to omit any required data or to fail to submit
any report required by such plan.

The facility served by the System and the System itself shall be open to mspection
and sampling by the Department and the local approving authority at all reasonable
times.

In accordance with applicable law, the Department and the local approving authority
may require the owner of the System to cease operation of the system and/or to take
any other action as it deems necessary to protect public health, safety, welfare and the
environment.

The Department has not determined that the performance of the System will provide a
level of protection to public health and safety and the environment that is at least
equivalent to that of a sewer system. No System shall be installed, upgraded or
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expanded, if it is feasible to connect the facility to a sanitary sewer, unless as allowed
by 310 CMR 15.004. When a sanitary sewer connection becomes feasible, the
facility served by the System shall be connected to the sewer, within 60 days of such
feasibility, and the System shall be abandoned in compliance with 310 CMR 15.354,
unless a later time 1s allowed, in writing, by the approving authority.

Design, installation and operation shall be in strict conformance with the Company's
DEP approved plans and specifications, 310 CMR 15.000 and this Approval.

A minimum of one (1) inspection port shall be provided within the SAS down to the
lower stone/soil interface to enable monitoring for ponding. Existing inspection ports
may be acceptable for use if found to be at appropriate depth and in good condition.

IV.  Conditions Applicable to the System Owner

I

The System is approved for use with sanitary sewage only. Any wastes that are non-
sanitary sewage generated or used at the facility served by the System shall not be
mtroduced into the System and shall be lawfully disposed.

Operation and Maintenance Agreement:

A. Throughout its life, the System owner shall operate and maintain the System in
accordance with the Company and designer's operation and maintenance
requirements and this Approval. To ensure proper operation and maintenance
(O&M), the System owner shall enter into an O&M agreement. No O&M
agreement shall be for less than one year.

B. No System shall be used until an O&M agreement is submitted to the approving
authority which:

i Provides for the contracting with the Company or its approved
management company, ttamed by the Company as provided in
Section V (7), to operate the System consistent with the System's
specifications and the operation and maintenance requirements
specified by the designer and any specified by the Department;

i. Contains procedures for notification to the Department and the local
board of health within five days of a System failure or alarm event
and for corrective measures to be taken immediately;

iii. Provides the name of an O&M provider, which must be an approved
Title 5 System [nspector trained by the Company that will operate and
monitor the System. The O&M provider must inspect and maintain
instatled Systems at single family homes at least quarterly and
anytime there is an alarm event; and
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iv. For all other Systems the O&M provider must inspect and maintain
the System at least every month and anytime there is an alarm event.

The System owner shall at all times have the System properly operated and
maintained in accordance with this Approval, the designer's operation and
maintenance requirements and the Company's approved operating procedures.
The System owner shall notify the Department and the local approving authority
in writing within seven days of any cancellation, expiration or other change in the
terms and/or conditions of their O&M agreement.

Prior to transferring any or all interest in the property served by the System, or
any portion of the property, including any possessory interest, the System owner
shall provide written notice of all conditions contained in this Approval to the
transferee(s). Any and all instruments of transfer and any leases or rental
agreements shall include as an exhibit attached thereto and made a part thereof a
copy of this Approval for the System. The System owner shall send a copy of such
written notification(s) to the local approving authority within 10 days of such notice
bemng given.

Monitoring Requirements:

A.  Forsystem’s approved and installed prior to the date of this revised
Approval and has an observation port or monitoring well within the SAS,
then it shall monitor according to Section IV(5) (B) this Approval.

For system’s approved and installed prior to the date of this revised
Approval and do not has an observation port or monitoring well within the
SAS, but has the monitoring device in the D-box, then shall continue
monitoring as the following:

1. The System’s monitoring device shall be maintained such that it
provides data collection to include tracking the elevation of the
ponding within the d-box. The data shall continue to be stored and
reported with the high, low and average ponding levels on
quarterly for single family homes and monthly for all other system
installations;

il. If the ponding in the d-box has been eliminated, monitoring may
be reduced from monthly to quarterly; quarterly to every six months,
Further reduction in monitoring is not allowed;

1il. If the System exhibit excessive ponding levels (ponding levels
within the d-box equal to or greater than the ponding prior to
installation of the System) then monitoring shall be continue
monthly, 1f at that time the ponding in the d-box has been
eliminated, monitoring may be reduced from monthly to quarterly;
quarterly to every six months; and
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v, If the System 1s still excessive ponding (ponding within the d-box)
for 6 consecutive months, that System shall be removed in
accordance with Section V (8).

B. Systems approved and installed after the revised date of this Approval shall
monitored quarterly for single family homes and monthly for all other
system installations.

The system shall monitor the depth of the ponding below the leaching field
after three months of System operation to indicates the dose storage (dose
storage is the void space from the discharge pipes invert to the bottom of
stone/naturally occurring soil interface.).

1, If the depth of the ponding indicates at least 50% of dose storage
available then monitoring may be reduced from monthly to quarterly;
quarterly to every six months. Further reduction in monitoring is not
allowed;

ii. If the depthr of the ponding indicates less than 50% of dose storage
then repeat the monitoring 30 days later. If the second reading 1s at
least 50% of dose storage then the previous observation port
measurement reduced frequency may be continued. However if the
second reading is not at least 50% of dose storage then the system
must be monitor monthly, evaluated and a report provided to the local
approving authority. The report shall include water use data as well
as depth of ponding; and

i, If the System continues to indicate excessive ponding for 6
consecutive months as defined above, the System is in failure and
shall be removed in accordance with Section V (8).

Example for monitoring the depth of ponding: For a leaching field has 12 inches
depth from the discharge pipes invert to the bottom of stone/ naturally occurring soil
interface. If monitoring shows ponding level is more than 6 inches then 50% of dose
storage is not met. [f monitoring shows the ponding level is less than 6 inches then
50% of dose storage is met.

6. By February 15" of each year for the previous year, the System owner shall
submit to the approving authority all data collected in accordance with item 3,
above, and an O&M technology checklist, completed by the System O&M
provider for each inspection performed during the previous calendar year. A copy
of the technology checklist is attached to this Approval.

7. Prior to the issuance of a Certificate of Compliance for the System, the System
-owner shall record and/or register in the appropriate Registry of Deeds and/or
Land Registration Office, a Notice disclosing the existence of the alternative
system subject to this Approval on the property. If the property subject to the
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Notice is unregistered land, the Notice shall be marginally referenced on the
owner's deed to the property. Within 30 days of recording and/or registering the
Notice, the System owner shall submit the following to the local approving
authority: (1) a certified Registry copy of the Notice bearing the book and
page/imstrument number and/or document number; and (ii) if the property is
unregistered land, a Registry copy of the ownet's deed to the property, bearing the
marginal reference.

V. Conditions Applicable to the Company

1.

The Company shall develop and submit to the Department within 60 days of the
revised date of this Approval: minimum site evaluation criteria and installation
requirements; an operating manual, including information on substances that
should not be discharged to the System; a technology checklist; and a
recommended schedule for maintenance and replacement of components essential
to consistent successful performance of the installed Systems. The Company shall
develop and submit to the Department within 60 days of the revised date of this
Approval a standard protocol for evaluating ponding within the SAS. System
success is defined as ponding elevation consistently maintained at or below the
naturally occurring soils elevation (below the designed discharge storage volume)
within the SAS. The Company shall also submit to the local approving authority
within 60 days of the revised date of this Approval a protocol for completing
inspections and monitoring of the System and any procedures that will be
implemented should the System fail. The Company shall make available, in print
and electronic format, the above referenced procedures and protocols to owners,
O&M providers, designers and installers of the System,

The Company shall develop and submit within 30 days of the revised date of this
approval to the Department a plan for ensuring the submission of inspection
repotts by the O&M provider to the Company and local approving authority.

th

By February 15 of each year, the Company shall submit a report to the
Department, signed by a corporate officer, general partner or Company owner that
contains information on the System, for the previous calendar year. The report
shall include the following information:

A.  The total number of units of the System sold for use in Massachusetts
during the previous year; the address of each installed System, the owner's
name and address, the type of use (e.g. residential, commercial,
institutional) and the design flow;

B.  Date when system was installed and started up;

C.  Tabulation of the sampling parameters and results with backup inspection
and laboratory sheets;
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D.  Tabulation of systems that are in failure as described in 310 CMR 15.303
(D(a)(1) or (2) due to excessive ponding of effluent in the SAS, reasons for
non-compliance and any corrective action taken including but not limited
to design, mstallation and/or operation or maintenance changes required to
reach compliance;

E. Completed technology inspection checklists shall be maintained by the
Company or its representative on file for possible Department auditing;

F. A general summary of the results for the year, any recommended changes
to the design, installation and/or operation and maintenance procedures and
a schedule for implementing those changes; and

G.  Waranty issues both resolved and unresolved or an explanation of any
warranty claims that have been recetved and their resolution.

The Company or its designee shall review the plans and site evaluation conducted
for the System prior to the sale of any unit to ensure that the proposed installation
of the System is at a site consistent with this Approval and the System’s
capabilities, The Company shall certify in writing that the System plan and
existing site conditions conform to the requirements of this Approval and any
requirements of the Company and shall submit a copy of that certification to the
local approving authority and the System owner.

Prior to the 1ssuance of a Certificate of Compliance for the System, the Company
or its designee shall submit to the local approving authority and the System
owner a signed certification that the System has been installed in accordance with
the Company’s requirements, the approved plan and this Approval. This
certification in no way changes the requirements of 310 CMR 15.021(3).

The Company or the Company’s approved operation and maintenance contractor
shall maintain a contract with the System owner that:

A. Provides for operating and maintaining the System with an O&M provider
that has been trained by the Company to operate the System consistent with
the System's specifications and any additional operation and maintenance
requirements specified by the designer or by the Department;

B. Contains procedures for notification to the System owner, the Department
and the local approving authority within five days of knowledge of a System
failure and for corrective measures to be taken immediately;

C. Contains procedures for inspecting the plastic media bacterial source at each
quarterly visit and if necessary replacing the media. At a minimum, the
microbial inoculants shall be replaced annually; and
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10.

D). Contains a plan to determine if required after the first three months of
operation why the effluent water surface elevations in the SAS are as high
or higher than the water surface elevation when the System was installed.

The Company shall institute and maintain a program of O&M provider training
and continuing education, as approved by the Department. The Company shall
maintain and annually update, and make the list of qualified O&M providers
available by February 15" of each year. The company shall update the list of
qualified O&M providers and make the list known to users of the technology.

The Company shall provide to each System owner a written warranty transferable
to a new owner that includes the following:

A.  Refund of the cost of equipment and installation should the System
continue in failure as described in 310 CMR 15.303(1)(a)(1) and (2) after
120 days of operation that is conducted in accordance with the Company’s
specifications and oversight; or

B.  Refund of the cost of equipment and installation should the System fail as
described in section IV(5) within two years of installation provided that the
System owner has entered into and maintained an operation and
maintenance contract with the Company and has operated the System in
accordance with the Company’s specifications.

The Company shall conduct a performance evaluation starting after the first 100
systems have been installed and operating for at least one year. A report shall be
submitted to the Department no more than 180 days beyond the one year period
evaluating whether at least 90 percent of the units installed for at least one year
have demonstrated a reduction in depth and that the reduction in depth of the
efftuent elevation for the SAS systems has occurred within 120 days of start up or
that ponding elevations are not excessive. Should the System not demonstrate the
capability to reduce or eliminate ponding in 90 percent of the failed systems, the
report shall detail the changes that must be made in site evaluation, design,
installation and/or operation or maintenance to meet the goal and shall include a
schedule containing a deadline for implementing those changes. No more than
100 systems shall be installed until the performance report has been completed
and the results indicate that over 90 percent of the Systems are no longer in
failure.

The Company shall include copies of this Approval and the procedures and
protocol described in Section V (1) with each System that is sold. In any contract
executed by the Company for distribution or re-sale of the System, the Company
shall require the distributor or re-seller to provide each purchaser of the System
with copies of this Approval and the procedures and protocol described in Section
V(1).
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1.

12,

13.

14.

The Company shall notify the Director of the Wastewater Management Program
at least 30 days in advance of the proposed transfer of ownership of the
technology for which this Approval issued. Said notification shall include the
name and address of the proposed new owner and a written agreement between
the existing and proposed new owner containing a specific date for transfer of
ownership, responsibility, coverage and liability between them. All provisions of
this Approval applicable to the Company shall be applicable to successors and
assigns of the Company, unless the Department determines otherwise.

The Company shall furnish the Department any information that the Department
requests regarding the System within 21 days of the receipt of that request.

If the Company wishes to continue this revised Approval after its expiration date,
the Company shall apply for and obtain a renewal of this Approval. The Company
shall submit a renewal application at least 180 days before the expiration date of
this Approval, unless written permission for a later date has been granted in
writing by the Department. This approval shall continue in force until the
Department has acted on the renewal application.

Systems approved and installed after the revised date of this Approval, thirty (30)
days prior to submitting an application for a Disposal System Construction Permit
(DSCP), the Company or its representative shall provide to the Approving
Authority a certification, signed by the owner of record for the property to be
served by the unit, stating that the property owner:

A.  has been provided a copy of the Remedial Use Approval and all
attachments and agrees to comply with all terms and conditions;

B.  has been informed of all the owner’s costs associated with the operation
including power consumption, maintenance, sampling, recordkeeping,
reporting, and equipment replacement;

C.  understands the requirement for a contract with a company approved O&M
provider and has been provided a current list of all approved O&M
providers;

D.  agrees to fulfill his responsibilities to provide a Deed Notice as required by
310 CMR 15.287(10) and the Approval; and

E. agrees to fulfill his responsibilities to provide written notification of the
Approval conditions to any new owner, as required by 310 CMR
15.287(5).

V1.  Reporting

1.

All notices and documents required to be submitted to the Department by this
Approval shall be submitted to:

Director




Revised Approval for Remedial Use 12/22/2010
Knight Treatment System
Page 11 of 11

Wastewater Management Program
Department of Environmental Protection
One Winter Street - Sth floor

Boston, Massachusetts 02108

VII.  Rights of the Department

1. The Department may suspend, modify or revoke this Approval for cause,
including, but not limited to, non-compliance with the terms of this Approval,
inadequate system performance demonstrated by the annual report required in
Section VI (2) or other relevant information, non-payment of the amual
compliance assurance fee, for obtaining the Approval by misrepresentation or
failure to disclose fully all relevant facts or any change in or discovery of
conditions that would constitute grounds for discontinuance of the Approval, or as
necessary for the protection of public health, safety, welfare or the environment,
and as authorized by applicable law. The Department reserves its rights to take
any enforcement action authorized by law with respect to this Approval and/or the
System against the owner, or O&M provider of the System and/or the Company.

VIII. Expiration Date

1. Notwithstanding the expiration date of this Approval, any System sold and
installed prior to the expiration date of this Approval, and approved, installed and
maintained in compliance with this Approval (as it may be modified) and 310
CMR 15.000, may remain in use unless the Department, the local approving
authority, or a court requires the System to be modified or removed, or requires
discharges to the System to cease.




State of New Hampshire
DEPARTMENT OF ENVIRONMENTAL SERVICES
6 Hazen Drive, P.O. Box 95, Concord, NH 03302.00935
(603} 371-3644  PAX (603) 27121y

March 31, 2003

Mt. Douglas Nelson, PE

White Knight Treatment Systemns
281 County Rte 51A

Oswego, NY 13126

Re:  While Knight Wastewater Treatment Device

Dear Mr. Nelson:

The NH Department of Environmental Services (department} has reviewed the material you
submitted requesting approval of the White Knight wastewater treatment device.

To summatize, the White Knight is a device that is inserted into a septic tank. Air is bubbled
inte the device, which also contains an inoculant of a proprietary mixture of bacteria chosen
to degrade the contaminants in ordinary wastewaler very quickly. The air bubbling process
leads to circulation of dissolved oxygen and the propristary bacteria throughout the seplic
tank and into the leaching facility downstream of the tank. The intent is to get the oxygen
and bacteria into the leaching facility so that failed leaching facilities can be remedialed.

Based on information received, the department finds that the While Knight wastowater
treatment device can be used in New Hampshire as part of a repair of a taited system. The
department’'s approval of the White Knight wastewater treatment device is, al this time.
limited to this case-by-case repair scenario. The conditions of this approval are:

1. Units must be installed in accordance with the manufacturer's recommendations.

2. All other details of the overall wastewater disposal system using While Knight
devices must comply with the provisions of NH Code of Administrative Ruies,
Chapter Env-Ws 1000. In this case. the parts of that rule that apply to repair of failed
systems apply in full. We especially note the importance of digging a test pit to
confirm that a tailed leach field is sufficiently above the seasonal high water table.

3. As is the case with all mechanical treatment unils approved for residential use in New
Hampshire, maintenance must be performed by a licensed wastewater treatment
plant operalor. A fact sheet on DES's licensure program is available at

hiip.//www.des state.nh.usfactsheetsiwwt/web-2.0im. For small residential
applications, a Grade 1 ticense will be sufficient.

4. A renewable maintenance contract must be sold with each White Knight unit.
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vhite Knight
March 31, 2003
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5. Per Env-Ws 1024.06(c), a copy of this latter shall accompany any specific design
involving the use of the White Knight treatment device under this approval which mar
be submitted to DES.

I'hope this letter meets your needs. If you have questions, please contact me at 603-271-
2941 or email at rminicucci @des.state.nh.us, or contact Mr. William Evans, PE,
Administrator of the Subsurface Systerns Bureau at 603-271-3304.

Sincerely,

Al g/

Robert P. Minicucci ll, PE
innovative Technology Coordinator

WhiteKnight 3~03

CC:  William Evans, PE, DES/SSB
James Falicon, DES/SSB
Rob Tardif, PE, DES/SSB
Jav Baas. DES/SSB
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STATE OF NEW YORK
DEPARTMENT OF HEALTH

Flanigan Square, 547 River Street, Troy, New York 12180-2216

Antonia C. Novello, M.D., M.P.H., Dr.PH. Dennis P. Whalen
Commissioner Executive Deputy Commissioner
June §, 2007
Mark C, Noga, VP

Kunight Treatment Systems
281 County Route 51A
Oswego, New York 13126

Re:  “White Knight” Microbial Inoculator Generator
Dear Mr. Noga:

This is in response o your recent request for NYSDOH s review of Knight Treatment Systems’
“White Knight” Microbial Inoculator Generator absorption arca rehabilitation produci. As described in
your literature, the White Knight facilitates treatment of wastewaicr through the use of a fine bubble
aeration system to promote the transfer of oxygen and to deliver a proprietary blend of bacteria that
rapidly digest organic materials in wastewater and biomat buildup in an absorption area. The product
can be placed in a standard household septic tank to remediate systems failing due to biological soil

“clogging”.

1ONYCRR, Appendix 75-A, Wastewater Treatment Standards - Individual Household
Systems, applies (o new construction only and not for remediation or replacement purposes, therefore,
the use of the White Knight does not require Department approval. However, the Department has no
objection to the use of the White Knight, in accordance with the manufacturer’s recommendations, 1o
recover biologically clogped absorption systems or as an enhancement to a system designed in
accordance with Appendix 75-A.

This 1s not, nor should it be considered to be, an endorsement of this product. The use of
proprietary products for onsite wastewater treatment systems is also subject to the conditions and
requirementis of local health departiments or local code enforcement of] ﬁcerq

Slpééfél)

/ /Z‘L’HM__"‘_,.«'”‘
¥ dmes Meach‘xm PE.
Riireau of Water Supply Protection
" Residential Sanitation Section

o

s

ce: Ben Pierson, BWSP-RSS
Rebecca Dixon, BWSP-RSS




RHODE ISLAND
DEPARTMENT OF ENVIRONMENTAL MANAGEMENT

235 Pramenade Street, Providence, R 029085767 T 401-222.4462

Innovative/Alternative ISDS Technology Program

Yendor Information Technology Name and Model Number:

Knight Treatment Systems, inc. White I{nightTM Microbial Inoculator/Generator
Models WK-40 and WK-78

Contacts:

Jay Knight, President Technology Type:

281 County Route > 1A Treatment System « Clags 1

Oswego, NY 13126
Certification Date;

Tel: 800-560-2454 Issued: June 6, 2006
Fax: 315-343-61 14 Expires; June 6, 2008
Website: www knighttreatmentsystems.com Reissued: June 6, 2008

Expires: hune 6, 2010
Local Contacts;

CERTIFICATION

The Ri Department of Environmental Management {Department} has reviewed the [nnevative/
Alternative Technology application for the White Knight ™ Microbial Inoculator/Generator
hereafter referred to as the “Svstem”. The System is contained within a HDPE cylinder, designed
to be installed into a septic tank, continuously inoculating the tank with non-pathogenic [SO-
500™ bacterial cultures. An air pump provides fine bubble acration and circulation within the
System bringing the bacteria into contact with fixed film substrate and the suspended organic
compounds in the septic tank. The 1SO-500™ bacteria released by the System digest organic
wastes in the septic tank and in the leachfield.

Based upon information contained in the application submitted by Knight Treatment Systems,
Inc., hereafter referred to as the “Vendor”, the Department hereby accepts the System for
placement on the Innovative/Alternative Technology List. Design, installation, and operation of
the System shall be in accordance with the following terms and conditions:

I. Design Requirements
A. General

i. The System is approved for renovation of Individual Sewage Disposal Systems (ISDSs)
which are organically clogged resulting in hydraulic failure. The System may atso be
installed in a properly functioning ISDS as weil as a new 1SDS, by application.

White Knight Certification Page 1 of 3
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6.

B2

The System is approved for all uses with no design flow restriction.
No reduction in required leachfiled area may be attributed to use of' this System.

The System may not be installed in cesspools, block, or steel tanks, or in substandard
tanks.

In no case may the System be installed in a tank of a volume less than 1,000 gallons.

Septic tanks in which the System is to be installed shall be equipped or retro-fitted with
an effluent filter.

Since constant acration is necessary for proper performance of the System, the air pump
must be operational 24 hours a day. To ensure owner/operator compliance with this
condition, all Systems shall be equipped with an hour meter and a visible and audible
motor/power failure warning light, mounted on a NEMA approved cabinet on the exterior
of the building.

System design shall be in strict conformance with the Department approved System
Design and Installation Manual and shall only be performed by appropriate Department-
licensed persons who are authorized in writing by the Vendor to do so.

System instaflation shall be in sirict conformance with the Department approved System
Design and Installation Manual and shall only be performed by appropriate Depariment-
licensed persons who are authorized in writing by the Vendor to do so.

. Each System installation shall meet other applicable Department reguiations and receive

prior approval by the Department pursuant to the regulations in effect at the time of
application,

Use With Existing ISDS

Before the Department will allow use of the System at a site, a Repair Application must
be submitted.

A copy of the completed Vendor's Site Qualification form and a copy of the originally
approved plan or a system plan based on the Vendor-required site investigation,
identifying location and size of tank, d-box, if used and the type and size of leaching area
in use, must be submitted with the 1SDS repair application,

Incorporation in New Construction

Before the Department will allow use of the System at a site, a New Building
Construction Application must be submitted.

Only conventional and Class 1 VA leachfield technologies as referenced in the list of
approved proprietary /A technologies are permitted for use with this System.
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II. General Requirements

l.

White Knight Certification Page 3 of 3

This Ciass 11 Approval shall be effective until 2 years from the approval date.

If the Vendor wishes to extend this Class H Approval bevond its expiration date, the
Vendor shall submit a renewal application with the appropriate renewal fee as denoted in
SD 23(3)(4) at least 90 days in advance of the expiration date of the approval. Upon
completion of Department review, written confirmation of the status of the Approval will
be provided to the Vendor.

The Vendor shall notify the Department at least 30 days prior to any proposed transfer of
ownership of the System. Notification shall include the name and address of the new
owner and a written agreement between the existing and new owner specifying a date for
wransfer of ownership, responsibility, and liability for the technology. All provisions of
this approval shall be applicable to any new owners.

The Vendor shall provide any purchaser of the System with a copy of this approval letter
prior to the sale of the System,

The Vendor shall hold, or cause to be held, two training seminars for Rhiode Isiand
licensed designers before the expiration or renewal of this certification. The Vendor shall
notify the Department of the proposed date and time of each training seminar at least one
month in advance of the proposed seminar and coordinate any public announcement or
solicitations with this office. A list of Vendor trained and approved distributors, with at
least two names shail be submitted by the Vendor to the Department within 6 months of
this approval,

Training

a} The Vendor shall hold two training seminars for Rhode Island Licensed
Designers and Installers who wish to be trained before the expiration of this
certification.

b) The first shali be held within the first six (6) months of the date of this
certification.

¢) The Vendor shall submit to the Department a detailed agenda, material to be
distributed to atiendees and a list of presenters and their credentials at least
one month prior to offering a training seminar.

d) Following the seminar, the Vendor is required to provide each attendee who
successfully completes the training with documentation of having done so.

e) Following each training seminar, a list of those who have satisfactorily
completed the training shali be submitted to the Department,

) The Vendor shall make available to the public, a means of verifving
individuals, by name and category, who have received training and are
authorized in writing by the Vendor 1o design, install or maintain the System.




6. The Vendor shail maintain capacity either directly or through authorized distributors. to
deliver the System to all holders of Rhode Island permits on which it is specified.

I1T1. Operations and Maintenance Requirements

I. The Vendor must offer for sale a minimum two-year Operation and Maintenance
(O & M) contract,

2. Detailed operating instruction shall be provided to the Owner/Operator.

>

3. Svstems shall be maintained according to the manufacturer’s specifications, which shall
inchude requirements and scheduling for start-up and shutdown of seasonally used
Systems, protection of the System and the biological component from freezing, and when
the System may be turned off.

4. O & M requirements and an O & M agreement, for the System shall be recorded by the
owner in the land evidence records of the applicable city/town prior to the Department
issuance of a certificate of conformance for the instaliation.

5. The owner shall retain a Vendor-trained and Vendor-authorized O & M provider to
perform preventative maintenance, perform repairs and respond to emergency calls for
the life of the System. Such O & M provider shall perform inspections at least twice
annually. No agreement with an O & M provider shali be for less than 2 years.

6. The Vendor shall have an inventory of replacement parts available locally.

IV. Reporting Requirements

1. The Vendor shall submit an annual report to the Department by November 30 of each
year containing the following information for the previous 12 month period ending
September 30 of the year:

a) The number of Systems installed in Rhode Island,

b) The address of each instailation and name of the owner and permit number,

¢} For each system, the number of inspections / maintenance calis conducted and a
brief comment regarding activities performed and observations including
replenishment of the inoculum and ponding height, if any,

dy All known problems or failures experienced with a brief summary of the cause and
remedial measures taken,

€) Number of and location of sites rejected and why,

Electronic submission is encouraged.

2. The Vendor shail repart any termination or non-renewal of maintenance agreements to
the Department and to the local wastewater management authority should one exist for

that area.
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V. Rights of the Department

1. The Department may suspend, modify or revoke this approval for cause, including but
not limited to: non-compliance with any of the conditions or provisions of this approval,
misrepresentation or failure to disclose all relevant data, or receipt of new information
indicating that the use of the System is contrary to the public interest, public health or the
environment.

2. This approval does not represent an endorsement of the System by the Department. This
letter of approval may be reproduced only in its entirely,

/ Issuance Date: b//é[/oé/

Riissell J. Chateauneuf, P.E. (//
Chief of Groundwater and W‘e? nds Protection
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e waad Blter for a 36-unit
apanment complex i upscale
§ Hyde Park, NY, had falled
fesponding, w ndtial complaints.
ichard Rebbias, head sanitardan for
the Duchess Cosmty Healds Depayt-
ment, founsd the most caasorophically
chogged system hie had ever seen,

Ponding wis 5o anaious that he
mandbated stopgap measures snd tha
the system he rephiced within 90 days,
lones Sepric in Hyde Pak coppud the
sind filter with 12w 18 inches of
coarse B pnd graved and mstalled 2
curtain drin wound the perimeter,
Sewage bubbling out was direetnd ta
the drain, passed throogl & chlorina
tan chamber, and discharged inio o
stream.

Buring the interim, ftobbins
insprated a suip wall's dhainfield
had been remedinted by 2 Whire
Knighs Micrebial fnoculaser Generator,
His investigative dig rovedled chean

installer

efluear with no tace of fas, oils or
grease, even though the ficld served 4
deli and neo vestaurans,

tmprissed, Robbins retamed w the
agiarment owaes, secommivnded the
reclamanen process, and said that he
wouldn't force him 1o replace the sand
fer 3 e wehinology worked. He
snmstereed the rehabilitated sand Hilter
for thece months, then gave 3 2 dean

bill of health

Sita conditions

Bob Rice of Hudson Maltey \White
Keright Sysrems Ing, in Stantsburg, MY,
and Mark Noga, vice presidens of g
ket develepment for Knight Trearment
Systoms by Oawego, MY, visited the
rime-dosed sand Blter, which had been
installed i e early [99s,

Thyee 4,000 gallon conceete sepiic
ganks senud three v apansnens
baildings, The 110 by 5Qfoo sand
filter, designert for 8000 gpd, was acrass

FEBRUARY

Above, sond filter effluent suriocing
with diversion drain, At right, the White
Knight treatment system in apsrotion,

the street bolund au wresmediary
propery. Vhe men dug two inspeerion
purts and Tound signfficany poading
causedd by an extomsive onganic clog
mat. “The pump saron had lallen
into such distepait that yvdrandic
pressure was gravinsfeeding e bed.”
Rice says,

Alihonigh the anks weren'y leaking,
they wore undee the parlang ot anid
the manhole covers had sented, allow.
ing collection and stommwater infilira.
tion, Soils were poor and shatlow: “\We
were diligent in our Investigaden w
make wwe that the problem was not
due wnnechanical or bvdranlic tesues,”
Noga says, "Were ot the magic buller
for every systean, but this sne definiedy
Gud angenic materials clogeing the
sind filker”

L4271 2006

System compnnents
# Haee stand-aleae commercinl
White Knight Microbial Inoculaor
Genetators with auxtiary dif-
lusers from Knight Treatment
Systems fnc,
¢ Three ANOD 12 elffuent Blers

with 1/ 16-nch sereens Fom
Fabet Envdronmental Tedhinofogy,
Crestwesnst, Ky

= Three 176-hp lineal disphmgm
it puntps from Reirschile Thomas,
Louisville, by

# Thiee {2inch LD Schedale 40
PO air supply Hies

WAWW OINSITEINS TALLE L OOM




Top photo, an investi-
gative dig into the old
sond filler. Above, o
typical weder sample
from o White Knight
freatmont tank sample.
At laft, the sand filter
tollowing remediation,




System operation

The wnk’s nemal Hgnd lovel is
above the top of the microbisl unit An
air dine fmtroduces a fine bobble mix
throngh the bottom of the diffusy 1o
oaypenae the syston. The atr also
flowws up past an iniiak charge of 105
00 acrobic and Tocultuive bacioria,
activating it

As e microorganisms reproduce
on the system’s singleamedia treatment
column, they eat the organic materdals
inn the tank, e dischaged o the Gleer
bed, and comtinde their biological
rermedintion there.

Installation

Rice and one cmployer fnstalled
the waits i two-and-a-hall days
without distugsing seevice. abmost 100
percent of the insillation was avcom-
plished feom the sudace withowt tank
entry. The tanks wete pumped, but not
powerwashicd, as the esiduals fed the
micremganisms while the tnks vefilled,

WWWLONSITEINGTALLER(GIIM

Ihe mien, working at midday whep
the flow mte was lowest, placed the
remiccliation walts and ausiliary dif-
lusers on oither shde of the tolet for
greatest osygen dispersal, “ludging
from the ameunt of sludge and scum in
the tanks, it toaked as i they hadp't
been seiviced in mor thao ¢ year”
Rice says. “That's way wo fong with
thetr daily flow rate”

T introdhtee inecwlant-daden offu.
ent e the clogged arce ws quickly ns
possible, the distributon fincs were
jested, “We ddemed dhems e addinional
tmes s the next four inonths beeause
the sludge kept setding,” Rice says,

Eacl unit sequired s pump-fajure
abarm and a BYC airsupply line from
the pusmp. The team hang the pipe on
the undersitle of @ parling garage and
buried U beneath the parking o, “We
waitedd for the tonlks o wehill, then
retamed and placed vwo hags of inocu
fatng watry ineo each uni,” says Rice.
“Even though we saw stade lquidd in

“We knew that the efffusnt had
reached equilibrlum becausa it
looked ke pale lemonade and
had visible calonios of thriving
micrasrganisms,”

o Bok Rice

FEpruary [ 431}

the ohservatlon poris, the curtaia
dinin stopped discharging around swo
months after the imie
vams osfing, so we knew
the sand hilier was gradi-
ally  mecepting waste-
WAteT at & greatnr pare.
Robbins had given
Rice thiee months for
the system o rejovenaie
itsell One week before
the grice pericd expined,
the st liquid levels o
the inspeciion ports
sarted dropping, “We
know tha the effluese

2006 -

had reached equilibrivm because
looked Tike pale tononade and had
visible evlonies of theiving migeorgn-
isme,” Wice says. “The tanks didn't
have any solids in them and smeelled
faintly like Aowers, which we suributed
ws by produces,”

The pons bove remuined dry
Laboraory analysis of the lguid
teaving the sand Bher showed BOD
at less than four 4 mge! and 755 o
14 mged.

As the parking lot was being
cepaved, Rice fustalled risers on the
manhvles, The asphalt was then
wosnded around the rsers o funael
witles away. The last phase was
eveavating the coarse B and praved
cup, covering the suird filier wigh 1op-
soll, and sceding aved mwlching it

Bialogical remedindon saved  the
praperty ewner some ¥80.00KL He
chose not o nmediately replace the
thne-dosing mechanism, B

ifistaller
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Three unique wastewater salutmns and a cumbinatiun of treatment techmquas '
-_f_j}enahie a small seasunal restaurant in New Ycrk State tu stay in busmess

' ..By Seatite Bayzan

300-galion metal septic
wmok with rwe dry wells
served 2 threc-bedroom
home when b was built ov
Skanewteles Lake near Syracuse,
NUY, in 1939 Later, a seasonal
130-sear restaurant was  added
withowt updaring the system. [t
failed every suromer and healed
iself every winter

Skanenteles Lake Domonstration
Project authorities cvaluating lake
properties in 2003 felr dhe site
posed the biggest threar w the lake.
Eric Murdeck, PE.. chitef engineer
for Syracuse and nuwmager of the
project, evaluated various advanced
treatment svstems. The restaunmt
could not afford anything more
than $75,000.

Size, electrical usage, and oper-

26 i

CONSITE INSTALLER

ationt-management  requiremonts
chiminated rany brands, Noise was
a facton, oo, "One manufaciorer
recoramended using 1 9-hp blower,
which would have screamed,” says
Murdock. "It was not the ideal
solution for a restaurant on a very
quiet lake.”

Murdock forused on a design
that accounted for the proper sct-
ding of materials in the fanks.
Research showed that for 313,000
more he could de pretreatment,
too. His design incorporates a
grease wap, split flows, tme dosing,
recircutation, biological remedia-
gon, and wetank and subsurface
soil recatment, The system configu-
ration, which is achieving remark-
able reductions in BOD, is efficient,
cost effective, and applicable w0

November 2007

A mobile crone eperator sets the
low-profile, 1,000 gallon boltom-
{oss eoncrete tank over the two
rows of infilirator chambers to form
the odor- “recovery bed, (Photos
courtesy of Eric E. Murdock, P.E)

many commerciat facilisies through-
QU the E',‘OLEH!T}'.

Soil cenditions

Boils varied from hardpan w
well-compucted sile and clay with
ne percolation rate, Only a smak
patch of rocky gravel on the 3.8
acre parcel was suitable for the
drainficld, The restaurant and park-
ing lot are in a flat arca at the
bortom of a steep hiilll A 16-slip
maring is part of the development.

the odor-recovery bed is ready to
be covered with orgenic-rich mulch,
The verlical rlpe is an observation

port for evoluating air flow,

System eampononts

To caloutare design flow, Murdock
rook daily votable water meter
readings throughout 2004 to deter




mine water usage. Flows ranged
from 635 to 1830 ppd. To determine
haseline waste strengih, he collecr-
ed septic ank samples from June
ihrough August, analyzing averages
of five-day BOD (3,500 mgh), TSS
{1,656 mgy, and oil and grease
{320 mge). He sized the system to
handle 256 gpd.

Major components are:

¢ 1 000-gallon, two-compatt-
men: polyethylene grease
trap. All tanks from Fralo
Plastech: LLC, Syracuse, N¥
Tank dscr systems from Tl
Tite Inc., Lake Zurich, i
{500 pallon, two-compait-
ment sepric wnk,
SO00-007 1
Prelaxe/Commerciai effluent
filter with L/16-inch stor
from Zoelier Pumy Co.,
Louisville, Ky,
‘Ba 1,500-gallon, single-
compartment tanks foy
equalization and dosing.

-
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Above, five polyothylens
tanks from Fralo
Plostech are positioned
end-to-end in o tight
configurotion. At left,
the recirculation valve
in the dosing tank
returns 100 percent of
the effluent to that tank if
the water in it is low, i the
liquid [evel in the dosing tank
is high, 50 percent returns to
that tank and 50 percent flows
through @ distribution box to the
trenches and dry wells,

/50300 recivculation valve
from Quanies inc.,
Crestwood, Ky

172-hp Goulds efiluent pump.
E500-pallon, swo-compart-
meEnt presrestment iank.

Twp Model WK-B0 White
Kaight Microbial
Inocuiator/Generator systems
from Knight Treatment
Systems inc,, Oswego, N.Y,
200 feer of Equalizer 24
chambers from Infilerator
Systerns Ine,. Old Sayhreok,
Com, set on H0-inch centers.
User Friendly Series pro-
srammable Simplex Control
Tanel feom §F-Rhombuas
Controls, Dewoit Lakes, Minn.

&

& &
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Systern opsration

Wastewater flows are separated
instde the building, Grease-generat-
ing fixtures empry into the grease

trap, then gravity-leed inte the
septic tank. All sanitary plumbing
flows direcdy into the septic lank,
which discharges by gravity into the
3,000-gallon  equalization/dosing
tank.

“The kargest 1ank Fralo makes is
1,500 gallons, so we manifolded rwo
together ar the bottom, enabling
them re act as one,” says Murdock.
“They fill simultaneousty.” All pip-
ing is pressure-rated 4-inch PVC
Schedule 40, excepr for the line
from the dosing ank 1o the treat-
ment tapk, which is 1 3-inch

An effluent pump sends 23
galtons every 30 minutes from the
flow equalization tank w the two
microbial inoculator generators in
the wreatment wank. Fach unit is
a i2-inch-diameter, 33-inch-long,

flows through a distribution box
split six ways. Tour pipes lead to
S0-loot-long trenches, and two
pipes lead o the diy wells,

“The original dry wells were
abandoned in 1986 after reportedly
falling,” says Murdock. "We used
the o-foot-diameter precast con-
crete dry wells that replaced then.”

Instailation

The five tanks, positioned end-
w-cnd in a tight configuration,
were fustalled against 2 slight
ieline. Dan Sweeney from Ted
MeBride Co. in Cortdand, N Y,
excavared all the soil from the
embapkmeng, placed the tanks on
the flat surface, then backfiiled
around them 1o re-establish the
same slope.

"We were hoping the system would achieve a 50 percent BOD
reduction, then lat the soil do the rest. However we {ound that
using time dosing and recirculation in this vonfiguration
prodused a much higher redoction.”

Erik Murdook

high-density polyethylene column
with & 4-inch PVC pipe in the cen-
ter. A bag of 105300 bacteria is
suspended inside the pipe, which is
surrounded by one cubic foor of
plastic media,

Ab au pump introduces a
steady supply of fine bubbles at the
bottom of cach generator, Rising
oxygen mixes and diseibutes the
microotganisims  throughonr the
tank, where they digest organic
mateer, Every incoming dose dis-
places 2% gallons ant the other end
of the weaunent fank. The Tiguid
gravioy-flows back 10 the dosing
tank and passes through a recircu-
Jation valve,

W the water o the dosing tank
is low, 100 percent of the ctfiuem
retumns (o the dosing tank. “Time-
dosing enabled me o accomme-
date  budget restrictions  and
address the variable How rate,” says
Muordock, “Multipie recirculagon
also increases our treatment levels
and keeps the microbes happy”

i the liquid level in the dosing
tank is high, 30 percent retwmns 1o
the dosing wnk and 58 percemt

Assembling the dminficld in
the gravel parking lot ook half 2
day. Sweeney dug 24-inch-wide, 2-
fovt-deep menches. then placed the
maflic-rated chambers, backfitled
with gravel, and covered the cham.
bers with geenextile fabric. Lastly,
thie pavking ot gravel was replaced.
The entire nstallation took & week
in Apmit 2003,

Awcording to Murdock, manu-
facourers of advanced wearmers
wehnologies ypically mear waste-
water 1o a secondary  treatment
teved of 30 mpel BOD and 155 "We
were hoping the system would
achieve a 30 pereent BOD redue-
tion, then Jet the soil do the test,”
he says. "However, we found thas
wsing time dosing and recirculadon
W this condiguration produced 2
much higher reduction.”

Onee Murdock  figured out
what the system was deing, he
instatled w microbial inoculator
genevator in the grease trap and put
ts second acrator i the septic
rank. He then calenlated his stan-
dard percent reduction by compar-
tng the 2004 baseline BOD samples
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{3.500 mg/b to the last samples col-
tected on june 27, 2007 (408 mg/h).

“We were targeting a 50 per-
cent reduction, but are achieving a
87 percent reduction from an
untried system confignraton,” says
Murdock. “That’s nothing short of
mirzculous,” One clement of the
systemn’s stccess was limithng the
amount of grease introduced and
having kitchen personnel scrape off
plates into garbage cans,

However, the air introduced
into the microbial inoculator gener-
ators created an odor problem,
Murdock had a -inch PVC vent
pipe run up the side of the building
and extended abave the rool, It did-
n't work. Heavy, moist air sweeping
down the steep hill kept edors on
the ground. An inline fan instailed
in the pipe blew the air up the vent
and into the atmosphere, where
downward currenis picked up the
exhaust and dropped it huo an our-
door dining area.

Pressed o the Hmit, Murdock
devised an innovative odar recovery
bed constraceed i a low profile,
1,000-gallon boltomless conerete
tank. “We installed an inline fan in
a 4inch pipe that branches inte
two rows of chambers surrounded
by washed stone, then covered with
mulch,” he says. 1 don’t believe
this approach has ever been tried
betore, but it worked. We never had
ancther odor”

Maintenance

Knight Treatment Systeins has
the maintenance agreement. & tech-
mician services the system ar the
beginning and end of each scason,

He activates the system a week
before the restaurant opens aud
changes out the microbial packs. By
combining treatment techniques
and thinking beyond conventional
wisdom, Murdock created a system
that is attracing much attention
from the industry while saving the
restauzant owner $50,000. @

MORE INFO:

' Frale Plastech

866/943-7256
www.fralo.net

Goulds Pumps ITT

315/568-7123
www.goulds.com

Infilirator Systems Inc.
800/221.4436

www.infiltralorsystems.com

Knight Treatment
Systents Inc,

800/560-2454
vewve knighttreaiment
systams.com

Quanics Inc.

B77/782-6427
wyaw, guanics.net

€ sJE-Rhombus

218/847-1317
wyvw.sjerhombus.com

Tuf-Tite Inc.
800/382-7009

wwew. tuf-lite.com

@ Zoeller Pump Co,

800/928.78467
vwwew. zogller.com
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The septic systern, once thought
of as a temporary solution for the
treatment of domestic wastewater,
is still the best choice for homes or
-residences and small communities
where it would be cost-prohibitive
-~ to access public sewer systems. In
the U.S., these onsite systems col-
= lect, treat, and release about four

billion gallons of wastewater per
. - day from an estimated 26 million
" homes.

Current interest in the impact of
these systems on groundwater and
surface water quality has increased
interest in optimizing the systems’
performance. It is now accepted that

“these onsite systems are not just tem-
* porary installations that will eventually
. be replaced by centralized sewers, but
* are a permanent part of the waste-
water infrastructure.
T Seplic systems are typically sim-
- 7 ple in design, which makes them
generally fess expensive to install
and maintain. And by using natural
processes to treat the wastewater
onsite, usually in a homeowner's
backyard, septic systems don't re-
quire the installation of miles of
sewer lines, making them iess ex-
pensive and less disruptive to the
environment. in addition, there are
many innovative designs for septic
systems that allow them 1o be
~ placed in areas with shallow soils or
. other site-related conditions previ-
" ously considered to be unsuitable
... for onsite treatment and dispersal,
Although the septic tank settles
out most of the heavier solids and
,»'breaks down almost half of the sus-
pended solids from household
wastewater, the effluent still has a
high amount of biodegradable or-
*~ ganic materials, along with a high
bacterial content that may include
pathogens. Therefore, septic tank
\t::. - - .effluent is not suitable for direct dis-
#' " charge into surface waters or onto
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land surfaces. Further treatment is
needed to remove these harmful
pathogens, The most common way
to do this and dispose of the partial-
ly treated wastewater s through
subsurface soil absorption through
the drainfield.

Septic systems were never in-
tended for lifetime use without
maintenance. Neglecting mainte-
nance of system components only
leads to failures. When properly de-
signed, installed, and maintained,
septic systems have a minimum life
expectancy of 20 to 30 years,

The U.S. Environmental Protec-
tion Agency (EPA) Onsite Wastewater
Treatment Systems Manual (2002)
defines system failure as “a condi-
tion where performance require-
ments are not met.” Typically, fail-
ures are declared when wastewater
is observed on the surface of the
ground or is backing up into the
household plumbing.

When a septic system fails, it can
pollute nearby water resources and
endanger public health. Children are

most susceptible to these health
problems hecause they very often
come into contact with the contami-
natad areas. There’s really not ail
that much that is going to go wrong
with the septic tank itself as long as
it is watertight and pumped on a
regular basis. However, what usually
fails is the soil absorption system.

The soil absorption system, or
drainfleld, Is an arrangement of per-
forated pipes or chambers buried
underground that channel the pre-
treated wastewater—the liquid dis-
charge (effluent) from the septic
tank—out over a large area of the
soil. The effluent then moves slowly
down through the soil to becomne
naturally purified before returning to
the aquifer. The drainfield acts as a
natural filter for effluent by absorb-
ing the organic materials, reducing
or removing bacteria and viruses,
and removing some nutrients.

The most obvious sign of drainfield
failure is surfacing effluent. If the soils
can no longer accept the effluent
being delivered, the effluent will either
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Below and above right: Repamng a failed
septic system may require constructing a
new drainfietd.




rise to the ground surface, or “blow
out” at the end of the last trench.
Either of these two events should
alert the homeowner that there is
a problem,

The reason the soil can no longer

accept the pre-treated effluent is
most often because of the biomat.
As the effluent or pre-treated waste-
water enters the drainfield, bacteria

in the soil begin to thrive on the new

food source. As these bacteria grow,

they form a thick, slimy colony calied

the biomat that restricts the flow of
effluent to the surrounding soil.
(See sidebar on page 21.)
Causes for faflure are many and
varied—ranging from improper sit-
ing, design, or construction, to the
simple overuse of water-generating
appliances. It is vital that the exact
cause for the failure is determined
before attempting any remediation

to the system. The suggested process
for correcting system failure is to gath-

er information about the system, de-
termine the cause of failure, and de-
sign the corrective action.

Causes of Failure

Drainfield failure can be
caused by many things, including
excessive rainfall, tree roots inter-
fering with the drainlines, or vehi-
cles driving over the system and
cracking pipes. But the two most

common causes are hydraulic and

organic overioading. Hydraulic
overloading occurs when too
much water is sent to an under-
designed system. Organic over-
loading is the result of too much
organic matter in the effluent.
The initial design of a system is
based on soil and site characteris-
tics, including depth to groundwa-

ter or bedrock. Part of the design in-

cludes the system’s capacity, which
takes into account the number of
peopte living in the home.
Capacity is usually based on
the number of bedrooms in the
home, but this may not be an ac-
curate way to determine flow
generation. Extra people or the

addition of a hot tub, for instance,

can quickly create more waste-

water than the system and drainfield

can handle.
The addition of appliances, such
as garbage disposals and dishwash-

ers, can greatly change the quality of

the wastewater sent to the system,
These appliances send increased
amount of solids to the system, possi-
bly causing organic overloading.
Use these appliances in modera-
tion, keeping in mind that a
garbage disposal is not a waste re-
ceptacle.

Many local and state regulatory
authorities require onsite systems to
be sized larger to handle the addi-
tional load from such appliances as
garbage disposals. Check with your
local health department or permit-

ting authority to see if this is the case

in your area, Telephone numbers of
such agencies are normally listed in

the government or blue pages of the

local telephone directory.
Septic system failure can also
result from:
» Overloading with water. Home-
owners should avoid putting too

much water into the system at
one time. It is better {o stagger
laundry loads throughout the
week rather than having a “wash
day” where you might do all the
taundry within a 24- to 48-hour
period. Diverl your hot tub away
from your onsite system when
draining it.

+ Discarding decay-resistant materials
into the system, such as grease, san-
itary napkins, and other solids,

+ Allowing tree roots to clog or de-
stroy the absorption system.

» Compacting soll over the drain-
field. Avoid driving or parking ve-
hicles over the drainfield.

* Age of the system. Septic systems
are designed for an operational life
of 20 to 30 years. If you have an
aging system, it may be time to
inspect and replace it.

The Correction Procedure
When an onsite system fails, it is
important to gather specific informa-
tion about the system in order to di-
agnose the problem and determine
the appropriate corrective action,

Fnitial Pala Gathering

* Visual observation of the failure
should be made to confirm the
problem. All system components
should be inspected, and any me-
chanical components (such as float
switches and flow diverters) should
be tested by a qualified/certified sys-
tem inspector.

* A compilete history of operation
and maintenance of the system
should be reviewed. Frequently, a
study of the past three to five
years of operation and mainte-
nance will reveal a possible prob-
lem, The correction may be as
simple as pumping the tank or
cleaning a tank filter.

* Obtain a copy of the original per-
mit and any updates. This permit
will contain a layout of the system
from a site survey or drawings of
the original design.

* Determine approximate loading
rates from the original design and
permit.

il
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Alternating drainfields provide relief for a failing
system. Here, a second drainfield is installed,

* Soil test results should be re-
viewed. If soil test results are not
included in the permit, soil sam-
ples should be taken to determine
the soil profile and to locate any
soil boundarfes that may be pres-
ent. The age of system should also
he determined,

* Obtain a complete report of the
symptoms of failure. For example,
surfacing effluent above the drain-
field suggests that the soil may be
overloaded, either with too much
total water or that the water has
inappropriate amounts of organic
matter that has clogged the soil
pores. Additionally, if the failure is
seasonal, wet weather conditions
are likely to be the cause.

* Determine the amount of
wastewater entering the sys-
tem. Using data from the
dwelling’s water meters, actual
flow {even if estimated) is then
compared to the design load-
ings. This will yield a good ap-
proximation of how much
wastewater is entering the
wastewater system. Leaking
plumbing fixtures will skew
this number, causing more
water to enter the system.
Thus, all leaking fixtures must
be repaired.

Determining the Canse
From the information gath-
ered through the above steps,
ideas about the potential caus-
es of failure should come to
light. It might be necessary to
do some additional steps to
test the idea before any correc-
tive actions are taken, Waste-
water metering or testing,
equipment testing and moni-
toring, or additional soil testing
might help more ciearly define
the cause of the system failure.
Repair permits may be re-
quired before any corrective ac-
tion begins. Contact your local
health department or permitting
agency to find out what is re-
quired to obtain such a permit.

Remediation Technigues
There are various repair or

remediation techniques that may be
considered, depending on the inves-
tigation into the causes of failure as
described above, economic consider-
ations, and the flexibility of the local
permitting entities. State and iocal
statutes vary as to what technologies
are permitted. Homeowners must
work closely with their local health
departments or permitting authori-
ties to make the best choice for their
individual situation.

Short-Ferm Sofutions

If the neighborhood is soon to
receive public sewerage, it might be
practical to use a short-term tech-
nique such as water conservation.

But conservation and other man-
agement techniques are only part of
most solutions. Drainfield failure must
be considered a serious health hazard
and as such, shoutd be taken care of
with long-term goals in mind.

Sometimes the overloaded drain-
field can recover if a strict policy of
water conservation is observed by
the homeowner. After pumping the
septic tank, this would involve re-
placing water-guzzling appliances
with more efficient ones, repairing
leaking fixtures, and staggering
showers and clothes washing times
to reduce the output of effivent.

If the soil around the piping is al-
lowed to dry out, it may be able to
function properly once again. This
method obviously requires a good
deal of homeowner commitment, It
usually takes a 30 percent reduction
in water use to allow the drainfield
to recover.

in cases of physical damage, sys-
tem restoration may only require the
teveling of the distribution box or re-
pairing crushed or broken pipe. If
tree roots are interfering with the op-
eration of the soil absorption field, they
can be removed. Broken or deteriorat-
ed baffles in the septic tank can allow
solids to go to the drainfield; these
should be replaced or repaired.

There are now some new tech-
nologies that may provide temporary
relief to drainfield failure. The first is
"ietting,” a procedure that utilizes
special pumps to inject high-pressure
water into the drainlines to break up
silt deposits and other solids, cou-
pled with powerful vacuum lines that
suck the broken-up solids out of the
lines before they can settle again.

if the problem stems from poor
or compacted soil, hope may come




Biomat Formation

As the effluent is discharged into the soil absorption system,
bacterial growth develops beneath the distribution lines where
they meet the gravel or soil.This layer is known as the clogging
mat, clogging zone, biocrust, and biomat. This biomat {biological

filtration of the wastewater into the smls

' byproducts) that anchor themselves to soil and rock particles,

as the actual site for effluent treatment.

tions where the effluent is discharged, and then up along trench
walls, It is less permeable than fresh soil, so incoming effluent
will move across the biomat and trickle along the trench bottom

pattern diagram at right.)

Biomats tend to restrict the flow of effluent through the drain-
1 field, but are crucial because they filter out viruses and path-

es, Once the hydraulic loading rate exceeds the soil infiltration

rate, ponding starts, At some point, wastewater will either baci-:
up into the home or break out onto the soil surface

of the septic tank can slow the rate at which it forms. Septic

drainfield and can be retrofitied to exrstmg systems

includes having the system inspected and the tank pumped at
regular intervals. Pumping the tank allows it to better settle out
solids, alse reducing the organic load to the-drainfield. . -

mat} is a black, jelly-like tayer that forms along the bottom and™
| sidewalls of the drainfield trench. This clogging zone reduces in-

. [{ unsaturated ‘ l
flow

1 The biomat is compesed of anaerobic microdrgani_sm_s {and their .

Their food is the organic matter in the septic tank effluent. Less -
than one centimeter to several centimeters thick, the bmmat acts :

The biomat forms first along the trench bottom hear the pérforaQ _

to an area where there is little or no hiomat growth (See gwwth '
| ogens. As the biomat develops, the soil infiltration rate decreas-

Biomat formation cannot, and should not, be préve_r;ate'ci,' but sep- -
tic tank filters, proper organic loading, and proper maintenance

tank filters prevent excess suspended solids from flowmg into the '

Other maintenance that should be performed on the septic system
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in the form of another new-tech-
nology solution known as “soil frac-
turing.” Highly specialized equip-
ment uses a pneumatic hammer to

hard soil and creates tiny open chan-
nels through it. Next, polystyrene
pellets are injected into the newly
aerated sol, which keeps the pas-

drive narrow probes down into the
soil of the drainfield, typically to a
depth of between three and six feet,
Air is then forced inte the soil at a
controlled rate, which fractures the

sages open so the soil will not sim-
ply compact again. This technolo-
gy has met with mixed resuits and
is only approved by certain states,
it is very important to check with

your local health officials to find
out what similar process (if any) is
approved for your situation.

Some of these more extreme
procedures may provide some tem-
porary relief for a failing system that
is soon to be replaced or connected
to a municipal system. In many
states, the process falls between the
regulatory cracks whether or not it is
a repair and requires a repair permit.

Long-Term Solfutions

In some cases, corrective meas-
ures are not enough; a new soil ab-
sorption system must be construct-
ed. New soil absorption systems can
be placed either in an isolated area
so the old system is not disturbed in
the process or in between the exist-
ing trenches if there is adequate
room. These additional lines are con-
sidered part of an alternating drain-
field system.

A diversion vaive is installed so
that in the future it will be possible




Drainfield B

ment unit.

Aerobically treated ef-

fluent is defined as efflu-
ent exiting a properly

operating ATU or sand
fitter. This additional step
reduces the amount of
total suspended solids

Septié Tank 7 [

Draf nfie.lnd A

(suspended solids value
of tess than 10 to 15
ma/L, compared to typi-

cal septic tank effluent

with suspended solids in
the range of 100 to
250mg/L).

to direct the flow from the septic
tank to either of the soil absorption
systems. After the new drainfietd is in
place, the flow is diverted from the old
fietd, which will slowly rejuvenate itself
and be available for use in the future,

The rejuvenation process takes
about two years and involves natu-
rally occurring organisms that de-
compose the clogging mat that has
formed and return the absorptive
system to near original capacity. (The
old drainfield can recover faster if a
septic tank pumper can open the
field and remove as much of the
ponded wastewater as possible.)

After a replacement systemn has
heen installed, a homeowner should
switch back to the old drainfield after
two years, and then switch back and
forth between the two systems an-
nually. This will result in a continuous
use and rejuvenation cycle for both
drainfields and should prevent future
failures. An observation tube in each
drainfield may be used to monitor
the condition of the drainfields and
can help the homeowner determine
the frequency of alternating between
the two fields.

If an adequate area for a new sys-
term does not exist, and the old system
is & trench system with at least six feet
of undisturbed soil between the
trenches, it is possible to install new re-
placement trenches interlaced be-
tween the old ones. However, the
plumbing for the new and old system
must be entirely separate so that when
one is in operation, the other has the
opportunity to completely dry out.

{See Figure 1 above.)

Another option to reduce the or-
ganic toad on the drainfield is by
adding an advanced treatment sys-
tem such as an aerobic treatment
unit or a sand filter. Sand filters and
aerobic treatment units (ATUs) are
systems that use natural processes to
treat wastewater and are frequently
used to renovate organically
clogged, failing septic tank-soil ab-
sorption units, Typically, sand filters
are used as the second step in
wastewater treatment after the
septic tank where solids in raw
wastewater have been separated
out. Constructed of a bed of sand
about two or three feet deep and
often contained in a liner, sand fil-
ters receive the partially treated efflu-
ent in intermittent doses. The efffuent
sfowly trickles through the media and
is collected in an underdrain and flows
to further treatment and/or disposal.

Sand filters are very effective at
reduction of organic matter and are
capable of handling heavy hydraulic
loads. These two qualities make them
particularly useful in cases of drain-
fields that have been overloaded
either hydrautically or organicaily.

Aerobic treatment units are simi-
far to septic tanks in that they use
natural processes to treat wastewater,
but unlike septic treatment, the ATU
process requires oxygen. ATUs use a
mechanism to inject and circulate air
inside the treatment tank. Bacteria that
thrive in oxygen-rich environments
work to break down and digest the
wastewater inside the aerobic treat-

In situations where the
soft absorption units have failed due to
an excessive biomat formation, aerobic
effluent reduces the symptoms, (Several
states allow systems that are failing due
to clogging biomat to be renovated
using aerobically treated effluent, pro-
vided the site meets separation require-
ments between the aggregate/ soil in-
terfaces and limiting conditions of high
water table or bedrock.)

This article was first printed in the
Winter 2005 issue of the NESC newslefter
Pipeline,
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The Sea Ranch residential community features some of the most exclusive real estate in the country. A total of 1,500 hiomes sit on 2,500 lots
on rugged, rocky land that hugs the California coastline for about 10 miles on either side of the famed Higlway 1 in Sonoma County, CA.
Picturesque views, abundant wildlife, and the feeling of “getting away from it all” are some of the reasons that draw scores of weekend and
holiday residents. Officiols with the Sea Ranch Association estimale that only 600 of the community”'s homes are lived in by Fulf-timers—and
because more than 1,200 of the comumumity’s homes rely on onsite septic systems, the bigh number of part-time residents can cause serious
wastewater problems,

Maintaining an onsite septic system isn’t abways casy for the homeowners whe Hve with them 365 days a year, Imagine, then, whit a
challenge it cant be for people who visit the Sea Ranch alter being spoiled by the power of their eily sewer sysiems, Sea Ranch water
department officials, unfortunately, don’t have to imagine this, “You have renters or holiday visitors who come up from the cily, They don't
know cither what a fireplace is or what a septic system is, and they have no idea how they really work,” said Randy Burke, interim director of
wtilities for the Sea Ranch Association. “You have an uneducated populace up here that needs {o have » tumbey system. They end up
challenging their septic systems. A lot of things go down the toifei trat people arer’t supposed o Tlush

down them.”

Sea Ranch wtitity officinls, though, have dong a good job educating their pari-fimo residents and renters about both Ihe positives and negatives
regarding onsite systems. The national failure rate of onsite septic systems stands 81 about 15%. At thie Sca Ranch, this number is closer to 1%.

Problem is, about kalf of the ranch’s onsite systems—which come in o wide array, including sand filter, mounds, pressure distribution, and
whitewaler systems—have been operating for 20 or inorse years, and are nearing the end of their useful life spans. In the course of two deeades,
thiese systems have seen significant amounts of biological materials build up inside them, In the worst cases, the septic sysiems have begun
faiting, with wastewater bubbling to the sueface, In other vases, draining time has increased significantly, resulting in edors no hemeswner or
renter wants 16 sniff.

Physical repair of these failing systems isn’t an easy solution. Hirlng contraclors to repair er even service failing systems can cost owners up to
$40,000, 2 largs sum of money for homeowners wlo only want a nice vacation house,

“}*s pretty serjious to get hit with a bill like that,” said Russ Hayler, ficld inspector at the Sea Ranch. “People aren’t kappy when they hear
sbout how expensive it can be to sobve their problems.”

Sea Ranch Association officials, though, are trying something new: They're tuming fo Oswege, N.Y ~based Knight Treatment Systems and its
White Knight septic lank insert, a product that uses a smatl acrator fo distribute a blend of bacteria specifivaily designed 1o reopen soil
passages clogged by biological materials,

“Weve jusl started experimenting with this. 1f it works, it'H be a big help to some of our homeowners here who don’t wan! to get It with
some huge repair bills,” Hayter satd. “We're hoping it"1! give us the potential for keeping mnore of our older units functioning

Background of Sea Ranch

The community got its start in 1963, when an architect and land planner named At Bocke recommended that Oceanic California Inc., a
division of developer Castle and Cooke, buy some recky and rugged lend hupging about 10 miles of coastline in Sonoma County. Bocke
envisioned a comutunity much like what Sea Ranch jias become: a place where homeowners would live while impaciing their surrounding




cavironment as little as possible, To this end, he Sea Ranch acts as a type of wildlife and game refuge. Any improvements made by ecither
individuals or public workers must involve a minimum of grading. Utilities are required te be kept underground, and the population density
low. Homes are suppesed to blend into the aalural landscape,

The Sea Ranch’s remote location—ul (lie north end of Senoma County-—adds to the community’s cham. i also adds up to a challenge for Sea
Ranch officials charged with monitoring and operating the community’s water and sewer services,

“We don’t get as much BPA enforcement out here as we'd like,” Burke said. “We're kind of an island up here. Services are slow to get here.
We have 1o do a lot of volunteer work or contracting ourselves, such as what we do with our sewer district.”

‘Fre Sea Ranch is unique because its residents are served by a combination of centralized and decentralized sewer services. The 600 homes
here that aren’t connccted to onsite septic systems are instead served by one of fivo sewer treatment plants owned by the Sonoma County
Waler Agency. The staffers at the Sea Ranch Association Water Co. are contracted by the county 10 maintain and operate the water treatment
plants. The comumunity’s central treatment plant can handle 27,000 gallons of water per day, while its nonth one can take 160,600 galions
daily, The ranch uses treated water from the notth sanitation zone to irdgate its golf links. 1t uses reated wastewster from the central sanitation
plant for irrigation.

In all, the water company is responsible for about 40 miles of pipeline, seven water tanks, and a 300-acre surface water reservoir,

The combination of decentratized and centralized systems has worked well, both the waler treatment plants and the septic systems. But the
high number of newer pari-time residents has had an impact on the Sea Ranch’s older onsite systems.

Biological Augmentation

White Kaight, manufaciured by Knight Treatment Systems, is an example of enhanced biological augmentation, a form of septic system care
that is relatively new to the industry. The system uses specific types of bacteria to enf through clogged soil passages. The key, according 10
Mark Noga, vice president of marke! development with Knight Treatment Systems, is that the product uses bacteria specifically chosen for the
job. ""'We act as a sort of employiment agenoy prequalifying a biological workforce,” Noga said.

White Knight uses three specific microorganisms that werk well together
to rehabilitate organically clogged absorplion systems. The company has
been marketing the product for five years; eaetier {his sununer it tackled
its first onsite seplic system at the Sea Ranch, about which Hayter and
Burke each report positive results,

‘This doesn’( surprise Noga. He’s only surprised that more contractors
and guvernment officials have yet to give biotogical aupmentation a try.
“There is a fot of skepticism out there regarding this,” he said. “That’s
predictable, though, in the beginning, There are a lot of people, especially
those on ke academic side, who view all flushable additives as snake oil.
This, though, is differeni. White Knight really svorks.”

To prove this, Knight Treatmeni Systems has conducted tests of its
product in the states of Maine and New York, geiting results showing
that septic systems treated with White Kuight perfonu significantly
betier, draining faster, aller the bacteria are injected in their tanks,

Eﬁ‘m’;’f Blological material was siowing drain tmes In many older 135 geq Ranch provides a perfect venue for White Knight. The
t ) community features a nunber of septic systems pearing the ends of their
design lives. The communiiy iiself sits in an eavironmentally sensitive
area, 4 place where biological means to solve problems are appreciated. By Aushing a system with White Knight, homeowners avoid the mess
and environmental costs of having work crews displacing large chunks of land. This also minimizes the polential for future crosion.

Finally, the residents whose systems are treated with White Knight can save significant amounts of money working with White Knight rather
than replacing an entire system. Biologically treating an existing seplic system costs around $6,000, while replacement conld casily cost nearly
twice that amount, Hayter said,

“This is & win-win for everyons invotved,” Noga said, “There are cconomic advantages 1o the homeowners and you see minimat disturbanee
of the existing landscape.” White Kaight, though, canniot work for every onsite system. Company oRicials perfoan site investigations to first
Hiake sure that the systent failures are the result of biological clogging. While Kaigitl only cosreets failires that are caused by this.

"The system at Sea Ranch that has been treated with White Enight is an example of one that bas failed because of biologival reasons.

First Use
The §ea Ranch Association Water Co. currently meniters about 1,250 onsite septic systems. The company educates homeowners about kow
the syslems work, how they shonld best take care of them, and what they should do if a system begins to fail.

Even with education, though, problems do arise, especially with the community’s older systems,

“It’s become an increasingly common issue with us,” said Hayter. “On a lof of our older systems, the drain times are increasing because of the
buildup fof biological material] in the drainfield. Before the bivlogical augmentation process, the only option horseowners had was physical
repair, That could cost many thonsands of dollars and np—up to 340,060, I*s a preity serious issue to get hit with something like that,”




‘This sumemer, the Sea Ranch turned to White Knight, applying the enhianced biologicat produet with an acration pump that is slightly farger
than the pumps operaling aquariumis, This creates an augntented shedge Ailed with active bacteria that agpressively attack the dead bacteria
that form clogs of biological material.

The first system treated with White Knight is connceted with a renfal unit that sits about 160 feet from the occan bluff. Sea Ranch officials,
and the home’s owner, have had problems with the septic system for about four years, Hayter said.

Sea Ranch officials will be watching the system closely. Knight Treatment Systems estimates that it takes from three to six months to see any
remediation cffects from White Knight applications,

So far, though, Sea Ranch inspectors like what they sce. Hayter and fellow waler company staffers inspected the treated system a week after
the application, concluding that White Knight appears to be working as
advertised.

“Fwas impressed with the redemption of the odor coming from the system,” Hayter said. *“Ihat’s the first thing you netice. We are very
hopeful about this. If it can rentedinte the biological material on this system, it ean save our homeowner many thousands of dollars.”

Noga expects the Sea Ranch’s experiment to prove exactly this. And ho expects homeovwners in the community to turn to White Enight in the
future as they see how the produet works. He warns that White Knight is no cure-all, however. “A big part of getting our product to work
eorrectly is lo have a proper site evatuation done,” Noga said. “We have to find the real cause of the problem up front, If it’s not a problem
caused by biological reasons, White Knight is not going to do anything, Sometimes we’ll find that something else has ro be done in
conjuncfion with using White Knight to solve the problem.”™

In the meantime, Sea Ranch water company officials will continue to educate their homeowners about the importance of treating the onsite
systems properly, an effort whose monthly news builetin that usually includes a story by Hayter. Regular e-mails frequently contain
mformation about onsite system care. The community also conducts regular tests of onsite systems te make sure they are operating properly.

“We open our doors fo anyone who wants [o come in and talk to us sbuut their systems,” Burke said, “We still have a lot of educating to do,
though. A lot of people will bo surprised and ask us if they have a cesspool. We?ll tell theyn, no, they have 2 seplic tank.”

DAN RAFTER i g technical writer based in Chesterton, IN.
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WASTE NEWS

Headline News

N.Y. firm, NASA develop phosphorous system B DS
By Tracy Hayhurst gf.&gm.‘ f.?: *
ietsduikd
L MARKETREACE
it's a Jong way from outer space to an in-ground septic tank, but a b BUYERS GUIDE
smal upstate New York firm and NASA have had a successful P HEW PRODUCTS
collaboration. ¥ PRODUCT ARCHIVE
¥ FRODUCT SPOTLIGHTS
b CLASSIFIEDS

Knight Treatment Systems of Oswego, N.Y., developed a device to
remove phosphorous contamination from wastewater after its three o s 2B,
principal members returned from a lake association meeting that §§§g§ e E’Egﬁé@
focused on water quality In the New York City watershed, but it took

some contact with the U.8. space program before it became a reality. gﬁg%é g g-

3
Peach Lake, which straddles New York's Westchester and Putham é’ ?%%iﬁ? %gﬁ
counties, is crowded with cottages and development with antiquated E?& gﬂgggé
and traditional septic systems that have conlributed to declining water
quality, said Mark Noga, Knight's vice president for marketing and !
distribufion.

- Search Now f

"We were presenting on a number of modern and emergent
technologies that can deal with failing septics and treating water,”
Noga said. "It was ironic that people said, "You can freat it, but what
can you do for phosphorous?’ There’s really nothing that a small
fseptic] system owner could do to address phosphorous.”

Excessive phosphorous levels in water cause increased plant
production, which chokes off oxygen, leading to a decline in water

quality,

"Peach Lake is shallow, and an awfui lot of plants spring up, which is
a nuisance for recreation, and the decompasition affects the water
quality and affects the aqguatic life,” Noga said.

"We were in the back seat of a vehicle we were sharing on the return
ride home from that meeting, and we stopped for a pisce of pizza,
and It was the proverbial “drew it on a napkin’ scenario. We lalked to
a patent attorney and were surprised to get approval in less than 18
months," Noga said, recalling the three-way collaboration with
company President Jay Knight and Doug Nelson, vice president of
sclence and technology.

The patent is not for the gravity-flow device -- which is known as the
Knight Nutrient Reduction Device, or KnuRD for short -- but for the
method used to filfer the wastawaler on-site. It uses a combination of
different manufactured media that allow charged phosphorous




particles fo bind to them and be removed, Noga said.

"We developed it to address residential concerns, but we can
configure the units - they re modular -- for commercial flows, such as
restaurants or convenience stores,” Noga said.

Knight said his firm found several options to their media choice, but
they were t00 expensive,

"We compieted as much testing as our resources allowed, and we
knew our technology worked, however, we were hoping to find a
more effective madia that would not necessitate a semiannual
replacement,” Knight said.

The company sought help from the NASA-funded Space Alllance
Technology Outreach Program, which acls as a free help desk for
small businesses that need technical assistance by sharing experiise
from the U.S. space program, NASA field centers and universities,
and by recruiting partner companies that volunteer their time and
matching the firms to try and solve a problem, said Nancy Glasgow, a
spokeswoman for the alliance.

The program connected Knight Treatment with AJT & Associales, a
technical services, engineering and scientific company specializing in
the aerospace industry.

"There is a definite need for a type of technology such as the
KnuRD," said Todd Willoughby, an AJT employee who confirmed for
Knight that the company was using the best possible media o handle
phosphorous,

"There are many different types of media, many of which involve the
addition of other chemicals or consumables,” Willoughby said. "The
media they are currently using is an excellent phosphorous removal
system and is the most efficient in terms of removal and cost.”

AJT, which is based in Cape Canaveral, Fla., is a platinum-level
partner in the Space Alliance Technology Quireach Program, as are
Boeing Co., New Mexico State University and Raytheon Co.

"Engingers at the pariner companies really enjoy it," Glasgow said.
“They find it very rewarding to help a small business with a situation
or problem that could threaten the business’ very survival.”

For more information, contact Knight Treatment Systems at {800)
560-2454 or KnightTreatmentSystems.com.
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istrict 1 of Savannah, N.Y., was in trou-
ble. Its cluster system, constructed in
the late 1980s, was beginning to show
its age. In early 2002, the district came
under increased regulatory scrutiny be-
cause it was failing to meet its discharge permit timits
(see table, p. 38). Operations staff felt the district’s
violations were directly related to its sand filter, which
had a long-standing history of ponding. As a result,
the sewer district and its residents had a tough deci-
sion: Replace the sand filter at a significant cost to
the community or face a consent order. The district
decided to pursue an alternate course.

The Investigation

The Town of Savannah's decentralized plan was one of the first
of its kind in the nation and was implemented as part of a US.
Environmental Protection Agency demonstration. The town oper-
ates three separate wastewater treatment facilities that treat waste-
water from three cluster-system sewer districts. All three districts
use septic tanks at each parcel, with gravity effluent sewers and
force mains ieeding to primary treatment tanks for settling prior
to secondary treatment by sand flitration. Sewer district person-
nel operate and maintain all home septic tanks, The facilities for
District 1 use a single-pass, siphon-dosed subsurface sand filter.
This system serves 22 homes.

In an effort to identify the root cause of ponding in the sand fil-
ter, operations and regulatory personnel met onsite and performed
a minor excavation of the sand filter. They made the foliowing
observations:

« Water was ponded more than 0.6 m (2 ft) above the distribu-
tion piping located at the top of the filter.

+ The design of the sand filter did not comply with New York
State regulations (see Figure 1, p. 38); rather, the sand filter
had been capped with more than 1 m (3 ft) of poor-quality soil
to mitigate snowmelt and stormwater infiltration issues.

» There was a well-established, exceptionally heavy biolo-
gical clogging mat at the upper suriace of the sand within
the filter.

¢ The operator was resting half of the {ilter periodically to prom-
ote clog mat dissipation, but the resting time was Insufficient
to allow acceptable drainage to resume when the filter was put
back on-line,

+ Sand below the clogging mat was very clean, not saturated,
and in very good condition, meeting specification require-
ments for new sand filters.

1anuary 2007 EP




Figure 1. Typical Sand Filter Deslgn Under NYS Regulations

Po‘ll- CENTER COLLEGTDR MAY BE USED WHEN THE
RTERVAOTH DOES NOT EXCEED 1R FEET.

77777
HIGH GROUHD WATER

Investigators were convinced that the exces-
sive biomat production stemmed from the soil
cap, which caused reduced air exchange within
the filter. White oxygen concentrations where not
measured directly, the fact that a heavy, dark bio-
mat was formed indicated that an oxygendimiting
condition existed at the surface of the sand. This
heavy biogrowth, in turn, led o a saturated zone
at the filter surface and decreased treatment ef-

fectiveness of the filter.

Operations personnel, in conjunction with op-
erations assistance staff from the New York State
Department of Environmental Conservation, be-
gan searching for operations-oriented solutions
to the ponding. After several months of adjusted
operation (primarily resting 50% of the filter

Permit Limits and Actual Performance

area), they saw little improvement. it seemed that
the filter would need to be rebuilt.

The town was in a quandary, as the cost of re-
building the sand filter was beyond the financial
means of the community. Therefore, it needed to
find a cost-effective method for remediating the
existing sand filter while restoring effluent quality
to permit levels.

The Pilot

After gathering input from operations staff,
regulatory officials, and vendors, town officials
decided to install two microbial inoculator-gen-
erators within the existing District 1 primary
treatment tank. The installation was a pilot

study: The town agreed to pay for services and -

equipment after the facility had been operating
successfully for 3 months.

The microbial inoculator-generator is a tank
insert that is designed to grow and inoculate
downstream treatment units with specific strains
of bacteria. A patented matrix of pseudomonas
and bacillus bacterial strains that are well-proven
to reduce biomat growth are inoculated into the
treatment unit, where they reproduce for dis-
charge to the downstream device. The treatment
device consists of fixed-growth media within a
columnar housing. The pilot design featured a
suspended growth medium that was retained
within the treatment unit by a grating. (The unit
is similar in design to larger units used for mu-
nicipal wastewater treatment, known as the inte-
grated fixed-film activated sludge process. Such
systems are not inoculated with specific strains
of bacteria as was done in this study.)

Tank contents are circulated over the growth
media by airlift action created by a fine bubble

Parameter Units H‘lal::gg/ maxt Permit Limit
Flow gal/d 2079/28002 3000
pH Standard Units 7.2/7.5 6.0-9.5
Settleable Solids mg/L 0.1/0.1 ] 0.4
Dissalved Oxygen mg/L 3.0
Total Suspended Solids mg/L 444/4870 10

#/ day - 0.250
Carbonaceous Blochemical mg/L 95/154 5.0
Oxygen Demand (6/1-11/30) #/day 0.125
Carbonaceous Biochemical mg/L - 15.0
Oxygen Demand (12/i-5/31) #/day - 0.375
NH, 6/4-14/30 o ‘mg/L 71/160 2.0
NH, 12/1-5/31 mg/L - 10.0

! Data suppiied from NYSDEC taken from dischargde maonitoring reports.
? Flow is measured at an effiuent welr after the sand fliter.
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KNIGHT TREATMENT SYSTEMS/TOWN OF SAVANNAH, N.Y.

diffuser in the base of the unit. Flow through
each unit is estimated to be 95 m?/d (25,000 gal/
d), thereby passing the contents of the 19,000-L
(5000-gal) tank through each unit more than five
times each day. Installation took place in May
2002 without the direct knowledge of the district
residents to avoid atypical user patterns, which
might skew the results.

For most important parameters, the discharge
permit required effluent sampling and testing only
on a quarterly basis, so the district developed a
more frequent sampling and testing protocol to
ensure that the facility was operating within per-
mit limits during the 3-month evatuation. This pro-
tocol called for measuring field parameters at the
time of installation and twice per week thereafter.
Field parameters included the ponding level in the
distribution boxes; solids levels in the distribution
line turn-ups; and temperature, dissolved oxygen
(D), and pH at all three sampling locations.

The district also performed laboratory analy-
sis for concentrations of carbonaceous biochemi-
cal oxygen demand (CBOD), total suspended
solids (TSS), total Kjeldahl nitrogen (TKN), and
nitrate at the time of installation and every 2
weeks thereafter. Grab samples were taken at the
primary tank influent, the primary tank effluent at
the dosing chamber, and the final effluent prior to
the effluent step aerator. In total, the district con-
ducted 25 sample events for field measurement
and six sampling events for laboratory analysis.

The Results

The town would consider the pitot successful

if it reduced ponding within the sand filter. During
his 17-year tenure at the facility, the operator had
never seen the bottom of the sand filter distribu-
tion boxes during an inspection. But approxi-
mately 6 weeks after installation of the microbial
inoculator-generators, the level of ponding had
subsided enough to allow him to do just that.

Test data were similarly encouraging. During
the testing period, CBOD and TS5 values for the
effluent showed little change from preinstallation
testing (see Figure 2, below, and Figure 3, p. 40).
The level of treatment was not compromised by
the reduction of the clogging mat originally found
at the top of the sand in the filter. Physical obser-
vations of the filter surface indicated a significant
biclogical growth that did not Hmit flow.

DO levels varied greatly, but these fluctuations

Figure 2. CBOD Reductions
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tors, water was
ponded more
than 76 cm (30
in.) above the
filter sand.
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could be attributed to raln events and potential
DO meter problems, It is important to note that
the DO sampling point was at the beginning of the
effluent aeration ladder. Effluent DO levels report-
able to regulators were, in all likelihood, higher
than those recorded at this sampling point.

The most notable outcome of the piiot study
was the apparent effect on the nitrogen cycle.
Laboratory results indicated some nitrification
about 4 weeks into the study and greater nitrl-
fication as the study progressed. The onset of
nitrification was caused by a combination of sew-
eral factors, including rising influent temperature,
decreasing CBOD within the system, and increased
oxygen concentration. Nitrification has maintained
the effluent TKN below 20 mg/l. — more than a 60%

reduction — consistently
(see Figure 4, p. 41). K
is assumed that nitrifi-
cation was initiated by
eliminating the ponding
on the filter, thus lower-
ing CBOD and increasing
oxygen levels. Lack of
alkalinity has not been
eliminated as a limiting
factor for further nitri-
fication. Denitrification
is probably taking place
to a small degree, but
with the low levels of
CBOD within the sand
fitter, there is not enough
carbon to support de-
nitrification. Adding a carbon source could solve
this problem.

Test results for nitrates indicate two probable
theories (see Figure 5, p. 41). Either denltrifica-
tion was a significant factor during the July 11
sampling event or two sample containers, or
their results, were inadvertently interchanged
for that date. Unfortunately, there is no way to
determine which of the two scenarios is correct.
If the samples or their results were not switched
during sampling, testing, or reporting, then the
results indicate there was nearly complete nitri-
fication within the treatment tank and equally
effective denitrification within the sand filter on
that date. This seems rather unlikely, and TKN
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KNIGHT TREATMENT SYSTEMS/TOWN OF SAVANNAH, N.Y,

Figure 4. TKN Concentraion
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test results do not support this scenario. It is
most likely that the samples were inadvertently
placed into the incorrect bottles, but there is no
direct evidence to support this theory.

Overall, the pilot was a success. The Town of
Savannali conserved significant capital costs by
choosing to bioremediate its existing sand filter.
Efftluent parameters of CBOD, TSS, TKN, and ni-
trates, as well as operational parameters of ponding
level, pH, and DO, were maintained or improved as

a result of the change of technology. The facility
was able to maintain effluent quality as required
under the State Pollutant Discharge Elimination
System requirements at a very reasonable cost.

Douglas J. Nelson is water and wastewater
design supervisor and project engineer at Ruekert—
Mielke Inc. (Waukesha, Wis.). Mark C. Noga is
vice president of Knight Treatment Systems Inc.
(Oswego, N.Y.).

Figure 5. Nitrates
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;:;;%?: American Manufacturing Company, Inc.
S P.0. Box 97, Elkwood, VA 22718

1-800-345-3132 www.americanonsite.com Fax 540-825-1785

July 23, 2007

Mr. Mark C. Noga

Knight Treatment Systems, Inc.
281 County Route 51A
Oswego, New York 13126

Re: White Knight Treatment Systems

Dear Marlk,

Thank you for your interest in teaming with the American Manufacturing “Perc-Rite” Drip
dispersal system. We accept the assurances you provided us of the water quality and
reliability of the White Knight Treatment System when used in conjunction with your licensed
and factory trained distributors.

We approve usage, upstream of our fully aufomatic ASD15 “Perc Rite” drip dispersal system,
as an acceptable enhanced treatment system. A separate adequately sized stand alone drip
system pump chamber must also be provided (by others) downstream of the White Knight
Treatment System.

We appreciate your commitment to quality design and long term service and are therefore

pleased to work with you and your dealers to provide “Perc-Rite” drip dispersal systems for
onset dispersal of treated effluent.

Bryan J. Allen; P.E,%ﬂ

American Manufacturing Company, Inc.

Sincerely

C:\data\wordpro\lists\White Knight Sales V.2 lwp

www.americanonsite. com
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'Biological Workforce

MICROBIAL INOCULATOR GENERATORS HELP A TREATMENT PLANT
CURE PONDING IN TRICKLING FILTERS AND RESOLVE PERMIT ISSUES
WHILE IMPROVING TREATMENT AND ODOR CONTROL

By Scottie Dayton

Assistant oparator Mike Piorre checks a Microbial Inoculatar Generator unit. (Photos

courtesy of Rushville Wastewater Treatment Plant)

mding i lts two open rock trickling filters and the manifold
pressure veliel tuhe spilling over during normal dose cvcles
plagued the Rushville (N.¥) Wastewater ‘Treatment Plant and
procuced dissolved oxygen and ammonia issues, The situstion wors-
ened each year with increased fows,

The hreaking point arvived when the soll lagoon system weat-
ing wastewater from the focal high school neared the end of its life
expectancy. The school board, which owned and operated the sys-
tem, preferred hooking o the Rushville sewer instead of upyrading
its facility, But the additional 8600 gpd from the school would cause
the plam 1o exceed its permitted discharge of 60,000 gpd.

The village hired Seiedze Associates, an engineering firm in
Canandaigua, NY. 1o design a solution. Researching options, Tom

Burke, PE., learned that the own of Savannah, N.Y, had rensediated
its buried sand flters by using Whire Kuight Microbial noculstor
Generators (Knight Treaument Systems Inc). A visit to Savannalvs
fcility and dats collected on the system convinced Rashville consulr-
ants 1o use the technology to remediate their treatment pracess.

The solutdon proved cost-effective and ended ponding and
oxdors, increased plant capacity, and eliminated clogging in boths Giher
beds' pressure distribution manifolds.

THE EXPERIMENT

Fach [ot in Rushvilic, poputation 620, has its own septic tank
maintained by the village. The tasks were connected 10 sewer when
the viflage wreatment plant opened in 1988, Ir serves 275 residential
and 12 commercial accounts generating 55,000 gpd,

Treating wastewsater with filiration heds was an experiment for
the state Deparement of Environmental Conservation. Although the
technology is common and successful in the hot, anid sowhwest,
hacteria in the exposed. uncovered beds went dormant during New
York winters and drowned duedng spring and summer rains,

The cambination cremed complance issues. “"Our ammonia per-
mit is for 1.5 mgd, and we hit 3.0 mgd in winter,” savs public works
supervisor Art Rilands, “We averaged 6.5 mgs DO in summer, and
we're permitted for 7.0 mpd” Because the worst of the situations
lasted ondy one month, regulatory suthorities did not chie the plam,

Until the upgrade, the settled wastewater from individual sepde
tanks grivity-fed through 4- and inch PYC sewers into three 6,000-
gallon community septic anks, then in a Bift station, Rvo 7.5-hp
Hydromatic pumps in the Hit station pumped the effluent 35 feet up
o the plang, through a drum seeeen. and o 1o the dual 110 by 220.
foot trickling fitters,

SEEKING ANSWERS

o help meet CBOD and DO nermit levels, d-nch plpes at the
hottery of the beds collecied the liquids. Forty percent of the water
wavin-lowed back to the plant for recirculation 1o the beds, The
remainder flowed 1w a 10,000-gallon concrete aeration basin, A pad-
dle-type aerator in the hasin ran continuously to provide sufficient
aeration belore discharging water 1o a2 eributary of Canandaigua 1ake,

The original design
called for shernate dosing.
As fiows incressed, however,
lugeed emitters became a
big probleny, Trving ¢ pre-
vent the apen ones from

32

TREATMENT PIANT DPERATER




Wastewater passes through an aerobic “nursery” with five sections,
each containing White Knight Microbial Inoculator Generator units
frome Knight Treatment Systemns ine.

pondhing, Rilands' predecessor switched to dosing both beds simula-
neousiy.

“That didn't work for very fong,” says Rilands. “He then wied
enfarging the L-inch emitiers 1o 14 inch in the 2-inch distribution
pipes. They did rhat on onequarter of the west hed and gave up. It
clicdn’t work.”

As i partial sulution, Rilands and assistant Mike Pierre jetted the
distribution Hoes twice a year using # DT 100 mailermounted pres-
sure washer {Harben Inc) with S/dinch hose, Although the jeter
was red at 8 gpma3 D60 psi, Rilands cleaned at 7 gpme2 000 psi. |
tonk one day w jet the lines in cach bed. During cleaning, a gate
valve in the plam diverted the low 1o the alternaie feld.

UP WITH CAPACITY

The upgrade, which increased the plant’s capacity to 79,000 gpd,
went ondine in fate August 2008, For the frst tme. the high school
discharged 1o the sewer system.

“The ponding has stopped, the microbes are
eating the biomat in the filtration beds, and the

odor control is much better.”
ART RILANDS

Before entering the plang, the scuded wastewater now passes
theough an 80,000-gallon concrete surge tank with a comse air dif
fuser, then into 3 26,000-gallon conerete acrobic "Aursery” wnk
dlividhed ingo five sections. Each 4,000-galion section holds five munic-
ipal model White Knight Microbial Inoaator Generator columns,

Fhe d46-inch-high, 6inch-diameter high-density polyethylene
colunms have T-inch tubular growth media in the center, nserted
inter the media is a packet of FOS-S00 baceerdal matrix fived wo an inoc-
ulating wand. Miceoorganisms reproduce on the media and within
the mixed liguor #owing through and around the columns,

An alr pump introduaces o fine bubble mix through a diffuser in
the botrom of cach column. Rising bubbles oxygenate the waste-
water and activate the initial charge of bacteria, which digest the
arganic constituents. Efffuent from the gecerators is pumped
through the drum screen, then to the filter beds. As the microorgan-

isms populate the nursery, enough are discharged to the beds o
continue biologleat remediation,

OGETTING BETTER

Effluent is recirculated as before, except that a fine air diffuser
has replaced the paddle-type acrator in the acration basin, “The dif-
fuser works betier, aflowing us w recircutare only 10 hours a day
instead of 24,7 says Rilands,

Because of the late-season startup followed by a harsh winter, it
could rake six ta 12 months before Rilands sees significant changes
in BO, CBOD and ummonia fevels, but he has noticed other improve-
ments. “The ponding stopped, the miccobes are eating the biomat in
the tiltration Heds, and the odor control is much better,” he says.,

This spring produced a significant snew melt and heavy eains that
exacerbated the treatment plant's serious infiliraton issues, At the
height of the eveat, 275000 gpd ran through the facility without
affecting treavment efficiency:

The amount of maintenante A the plant remains the same. The
microbial system requires pumping every other month. “Mike and |
pult the columng to make sure no debris is sticking (o them,” says
Rilands. “The biggest culprit is paper that sometimes sneaks
through. We tap the tubes with a plaseic rod to dislodge any film. We
alse: tap # rubber membrane @ the bottom
of the column to clean it. The work takes
hakf a4 day”

The upgrade changes anaerobic waste.
water Lo acrobic more quickly, and Rilands
sees the whole treatment pracess working
better ancd more efficiently. tpa
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The Case of the
Failing Fans

Submilted by- _]oe Young, qutewater water treatment ﬁupervisor,:
Ecology Management lnc., a business of OK Iudnstries, Port

White Knight Microbial Inoculator Generators Smith, Ark. Contact; Noung@olloods.cam.
{Patent Pending)
‘ ) 7/ je have four blowers that
Enhanced Biological 3, aerue our activated shudge, | Share Your Idea
. 20 Three are 109-hp and the Tips and Tricks is sn occasfonal
Augmentation other is 150-hp. 1 was imviing prob. | feature of 7P01n wihich wastewater
High Strength Wasiewaler lems with ovecheating inside the cab- qperatars tell how thoy took innova-
BOD Reduction inets, and it was causing all soris of e moasiires to solve problems.

Munigipal & Commersial
Wastewaler Treatmenl Plants

Rehabititation of Sand &
Trickting Filters, Medla
Beds, Ete.

maintenance problems, inchiding the

/&~ hlowers failing {uite costly at $ 10,000
Guardians of Water Quality® 10 $15,000 per blower).
281 County Routs 514, Alter abserving the cabingts for a
Oswego, NY 13126 fuw days, I resfized that the exhaust fans were failing, We alf thought th
1-800-560-2454 were going out becatise of the bluwer problems, but it was just the oppuosit

The fans were pulling conder ouside air in past the blowers for cooling m
T 2 poses, Then it would pull the beated air out of the wp of the cabinets, T
Y hot air had 1o wavel over the exhaust fan motors, and the fans could n
starud the extreme beat off the Dlowers,

I had one extma port cut ingo the top of each of the cabinets, for an ext
fan to supply more cood air than the bhlower demiinded, 1 also had the mow
ing brackets fipped over. Now the fans push cool air past themselves a
thenugh the cabinets, and push the excess hat aie out the orginal intal

. :
/A(b OL{,t th ﬂt I Y’tLGLB " : hole, Basically, we just reversed the path of the airlow. There are no mo

uverheating problems with fans or Blowers — and dt is 2 lot better for 1)

WQWLd 5 o {/{:}%8 7 OQ,PH ? hudget and the treatment process. tpo

A poster to display n your officst
Awn electronie file to post on your web site?

Reprints to hand out or mail to potential customers?

TREATMENT PIANT OPERATOR

Just Let us kinow!

View arficles, options and yrlcln?

, pe i
ot wtipomag,com/editoria “TPO welcomes news about your munmlpai
To order, o-moil

jeffl@colepublishing.com - - wastewater nperatwn for future articles: . i
o g’é’oc_g;';’:‘;';'g;‘”g Improvements at your facility that help the enwronmant B
' Public education and community outreach eﬁorts. e
“Interesting features of your facility’s grounds. -
Enterestmg uses of equlpmem or technology
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