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Dear Michael,

As per NCDENR-DWM composting permit renewal process we have enclosed five (5) copies of the
2010 Operations & Maintenance Manual for our “Large Type 3 Solid Waste Composting Permit”. This
is a revision of our last manual submitted in June of 2009. We have incorporated the information that
you requested from your “Technical Review Comments” letter dated 7/27/09 in this revision. If you have
any questions or concemns regarding this manual or need additional information regarding our permit

renewal, please contact me.

Sincerely,

Compdsting Dept. Managa
ovozymes North America; Inc.

Enclosure: five (5) copies of the O&M Manual
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NOVOZYMES NORTH AMERICA, INC.

Technical Review Comments
For A Large Type-3 Solid Waste Composting Facility Permit Application
And
The Facility’s Operations and Maintenance Manual
Facility Permit No.: SWC-35-04

July 27, 2009

NOTE: Please provide a response to all of the comments on a “comment for
comment” basis. Where appropriate, add or revise narrative in the text of both the Permit
Application (§) and the Facility’s Operations Manual (§§) that addresses the issues
discussed in the comments. In addition, the comments and responses may be included as
a part of the revised Permit Application and Operations Manual (e.g. in an appendix).

I. General :

1. A composting permit application is a stand-alone document that deals with broad
issues that the facility needs to address, which are more than what an operations
manual can delineate. The latter emphasizes the operational protocols for
implementing the tasks and goals set forth by the Permit Application. Therefore,
provide the facility’s Permit Application.

This information is provided with this permit renewal application.

2. Both the Permit Application and the Operations Manual are considered engineering
documents; therefore, the front page or cover of the documents, as well as the
attached engineering drawing sheets should be signed, dated and sealed by an
engineer licensed to practice in North Carolina.

This information is provided with this permit renewal application.

3. Provide a list, for example, as an appendix, of all acronyms used in the permit
application and operational manual, such as TSS, BMR, USCC-STA, MSDS, NZNA
and NA, as well as in all the appendices, such as WEF, LGU, PReh, Jeer, LGU,
SSMD, FRFR, SAST, ISO, DDD, LPJ, FIF, AKM, CLAN, IMAP, among others.

This information is provided on page\£ of the OM Manual.
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4. Rule .1401 (b) stipulates that plans for a large type-3 composting facility shall be
submitted in accordance with Rule .0202(a)(3) and that a minimum of four sets of
application and drawing plans shall be submitted.

Four sets of sealed as built plans are submitted.

5. In accordance with NCGS 130A-295.8(c), a large composting facility shall pay a fee
of $1,250 for its permit renewal.

This was paid in {ull.

II. Permit Application Requirements

1. 15A NCAC 13B .1405 (b) (5) stipulates that an application for a composting permit
shall provide materials, such as:

a). An updated aerial photograph or scaled drawing to show the entire property;
location of all homes, wells, road, buildings; and land use and zoning
information.

b). Confirm that the site and design comply with Rule .1404.

c). Site plan(s) to show the location and elevation of dikes, trenches, water ways
and control devices, local roads, monitoring wells, floodplains and wetlands
etc.

d). Name, address, contacting phone number of the operator/operation.

¢). Copies of all applicable and necessary local, state, and federal permits and
approvals,

2. Mark Novozymes’ location on the aerial photo, show the adjacent (within the Y4-mile
radiance) surroundings, and add the legend to denote the /00-year flood plain and
other major hydro-geological features on the map. Confirm that the facility is not
located within a /00-year flood plain.

Enclosed with this application is an aerial photo denoting application requirements in
1& 2. -

3. Page 2: Provide an updated local zoning letter from Franklin County Planning &
Development Department.

A letter dated August 25, 2009 from Franklin County Planning & Inspections is
enclosed in the appendices.

4. Provide the information of how the facility’s composting pad, and storm/leachate
retention ponds are designed and constructed.

This information is provided in the appendices with this permit renewal application.



12.

13

14.

15.

16.

A narrative is provided on page 28 of the O&M Manual.

Page 14: Specify how the starting time of the process to further reduce pathogens
(PFRP) is identified and maintained in a daily operation. Provide a typical
Novozymes schedule for furnishing additional moisture to windrows from either

leachate pond, stormwater pond, and/or irrigation water source.

A narrative is provided on page 16 and 17 of the O&M Manual.

. Page 15: Provide a detailed discussion in this section to address how to minimize

offensive odor in the composting operation and at the property boundary and what
kinds of corrective actions would be taken if an offensive odor crosses the property
boundary.

A narrative is provided on page 31 of the O&M Manual.

Page 16 and Drawing: Mark the curing area(s) on the drawing and provide the
facility’s curing capacity.

As noted, see enclosed as-built drawing,
Page 17 and Drawing: Add more narratives about the design of the two (2) “Finished
Product” pads and their geometric dimensions. Provide a cross-section drawing of the

pads.

A detailed description was included in the application to construct. Some of this
information is provided in the Appendices.

How often does the facility conduct its major equipment maintenance and/or
overhaul? What is the typical length of time that an overhaul would take?

A narrative is provided on page 27 of the O&M Manual.



OPERATIONS AND
MAINTENANCE MANUAL
FOR COMPOSTING

Novozymes North America, Inc

Prepared By
Frank Franciosi
Compost Department Manager

February 10, 2010

ey,

“‘ ‘e\ (; tZ(T:;Er

R RSSI,

FR sl

A g

gy i, SEML M
ﬁ‘/w’éw@) f

% con e Q,

., “QQ\

'luvn [Lh

3 -26-10

u‘"“

I
L



TABLE OF CONTENTS

1. DESCRIPTION of FACILITIES

A. LAND USE

B. DESIGN CAPACITY

C. STORMWATER & LEACHATE MANAGEMENT
D. SIGNS for INSTRUCTION

E. WASTE COMPOSTED

2. DESCRIPTION of PRODUCTION

A. EQUIPMENT and PERSONNEL
B. METHOD USED
C. PROCESS FLOW of COMPOSTED MATERIALS

3. QUALITY ASSURANCE PLAN

A. FEEDSTOCKS

B. DAILY PROCEDURES

C. WEEKLY PROCEDURES

D. MONTHLY/BI-MONTHLY PROCEDURES
E. QUARTERLY PROCEDURES

F. ANNUAL PROCEDURES

G. PERIODIC MAINTENANCE PROCEDURES

4. HEALTH & SAFETY

A. STATEMENT
B. CONTINGENCY PLANS & EMERGENCY RESPONSE

5. PRODUCT MARKETING & DISTRIBUTION PLAN
6. NOVOZYMES- ISO 14001 INTERNAL DOCUMENTS
7. APPENDICES



1. DESCRIPTION of FACILITIES -

A. LAND USE -

The Novozymes-Nature’s GREEN-RELEAF composting operation
is located at 445 Old Smith Farm Road, on 35 acres off of State
Highway 56 in Franklinton, North Carolina. Approximately 2 acres
are used as roads and staging facilities. Berms, buffer zones,
drainage ditches, and retention ponds take up an additional 3
acres. This leaves the remaining 30 acres for composting
operations. The mixing area will utilize approximately 1/2 acre of
space. The compost pad area is made up of 3.0 acres. Feedstock
storage is estimated to utilized 1.6 acres. An additional 2.0 acres
is available for curing, screening, and storage of product inventory.
There is an additional 4 acres in the back 30 acres of this parcel

designated as an Emergency Storm Debris site.

B. DESIGN CAPACITY -

The site is designed to handle 100,000 cubic yards/yr (50,000
tons/yr} with future expansion to 150,000 cubic yards/yr (75,000
tons/yr) of feedstock materials. The approximate starting volume in
production windrows is 15,000 cubic yards (7,000 tons) this could
expand to 22,500 cubic yards (11,250 tons) of material. There are
16,000 cubic yards (8,000 tons) of compost product storage as
curing or finished product.



Novozymes Composting Facility Design Capacity
(2) CAT 924G Front-end Loader 3.25-6.0 cubic yard bucket
(1) CAT 964 Front-end Loader 4.5-9.5 cubic yard bucket
Rotochopper MC-266 Grinder 100 -150 cubic yards/hour
Water Tank Trailer 6000 gailon tank
Knight Reel Augie 3085 Electric Mixer 35 cubic yards
Backhus 16.43 Windrow Turner with Conveyors 3,000 cubic yards/hour
(2) Hoist Lift Trucks 20-40 cubic yard roll offs (13 tons)
Roll-off Containers 20 - 40 cubic yards
McCloskey 56 1R Trommel Screen 80 -125 cubic yards/hour
GMT Comiost Manaier Monitorini Proiram N/A
Compost Aeration Capacity 5 -15% oxygen/windrow
Active Composting Period 60 days
Curing Composting Period 30 days minimum
Current Annual Volume 100,000 cubic yards (50,000 tons)
Future Annual Volume 150,000 cubic yards (75,000 tons)
Current Storage Capacity Active Windrows 15,000 cubic yards (7,500 tons})
Future Storage Capacity Active Windrows 22,500 cubic yards (11,250 tons)
Storage Capacity for Curing & Finished Compost 16,000 cubic yards (8,000 tons)
Overflow Finished Product Storage Capacity 8,000 cubic yards (4,000 tons)




C. STORMWATER & LEACHATE MANAGEMENT SYSTEMS-

STORMWATER MANAGEMENT SYSTEM

The production and storage areas are graded to maintain surface
water drainage toward the surface drains that lead to the retention
ponds. A 12 inch diameter Compost sock has been installed along
the lower perimeter of the site {o filter out fine particles and silts
from entering drainage ditches. Rock check dams and compost
inlet socks are installed and maintained within key points of the
stormwater drainage ditches on the site to minimize the flow of
silts into the stormwater retention pond. These structures are the
first stages of treatment in the stormwater management system
and are checked after each rain event to observe effectiveness of
sediment removal. These structures are periodically cleaned out to
maintain a positive flow of surface drainage to the stormwater
retention pond. Sediment materials collected is incorporated into
new windrows. As a Best Management Practice (BMP) windrows
are oriented to minimize surface erosion and to avoid water
collecting between rows.

The second stage of treatment consists of a dry retention pond
whose primary purpose is to restrict the peak discharge of the 1-yr
24 hr storm to levels predicted for pre-development conditions. In
addition the retention system removes TSS loading and nitrogen
loading from the stormwater as well as providing a system to
remove any floating material from the compost which might find its
way into the stormwater system. The retention pond satisfies the
requirements of State Stormwater regulations for water supply
water sheds, peak discharge from 1 year — 24 hour from pre-

development to post construction. The stormwater retention pond



is checked daily to maintain safe levels of operation. This pond is
periodically dredged to remove sediment and to maintain capacity.
The third stage of treatment within the system is a Level Spreader
designed to provide diffuse flow of all storms up to and including
the 10yr-24-hr storm. The conveyance channel on the upstream
side of the level spreader provides for a portion of the peak
discharge reduction. The level Spreader is made of concrete and
is 300 feet in length and discharges into a 50’ wide grassed buffer
with a maximum slope of 8%, then into a forested area and finally
into an existing ephemeral stream. The level spreader system
satisfies the requirements of diffuse flow of Stormwater through
buffers. Stormwater BMP’s reduce TSS load by 85%, peak
discharge from 1 year — 24 hour storm events, and net export of
Nitrogen is limited to 10 Ibs/acre/year with a buy-down of an
additional 4 Ibs/acre/year.

The level spreader is inspected after each rain event to assure
that it is working properly. The structure and its components are
inspected monthly for maintenance. The riparian buffer strip is
mowed to maintain a stable vegetative stand of grass. Weep holes
in the structure are cleaned out to maintain seepage to the stone
apron. Weed control is applied to the stone apron of the level

spreader to maintain sheet flow to the riparian buffer.

Specifics of stormwater management and drainage collection
and storage systems:

Stormwater Retention Pond:

Retention Pond Volume 9,537 Cuft
Total Volume of Retention components 12,087 Cu ft
{Retention pond and conveyances)

Max outflow to Level Spreader 19.9 cfs
Bottom Elevation 298 ft

Liner none



Level Spreader:

Storage Volume of Conveyance system 2550 Cu ft
Length 300 ft
Material Concrete
Elevation 297
Down-slope cover Grass
Discharge slope 8% (max}

LEACHATE MANAGEMENT SYSTEM

Due to concerns over iong term effects of infiltration of leachate
water into groundwater a liner system is installed designed to
intercept any rainfall infiltrating the surface layer. The leachate
ponds are specially built ponds designed to hold and reuse water
that leaches through the compost pad area of the compost site.
They are lined with 60 mil HDPE liner and are located in the
southeast corner of the Compost Facility surrounded by chain
linked fence. A water reuse tank is located next to the ponds. The
main purpose of this tank is to pump the reuse water back into the
Compost Facility for operational use and moisture addition. This

tank is also fitted to receive fresh spring water.

The leachate ponds have a limited amount of storage and thus
have to be monitored and operated in a way to ensure safety of
the pond walls as well as the local environment outside of the
Compost Facility. Since the ponds do have a limited amount of
storage they need to be check frequently for depth levels. This
process is done by visual inspection of the depth chain which is
located in the first pond. The visual inspection is taken in the
morning and the afternoon. The depth chain is measured in feet
and inches. Below one foot is considered empty. Seven feet is
where the ponds are consider full and run the risk of breaching the
pond walls. At the 5 foot level on the depth chain action needs to



be taken in order to bring the ponds’ levels back down to a safe

zone of aperation which is at or below four feet.

A valve is located between the two ponds to help control individual
levels of the ponds. The levels of the ponds rise and fall due to
reuse of the water back into the Compost Facility and by rain fall

onto the Compost Facility.

Novozymes stores all leachate water and monitors it for excessive
nutrients. In the event that water quality analysis indicates that the
water quality is insufficient for reuse as moisture addition, the
volume of water in the retention pond is then pumped or hauled to
Novozymes existing wastewater treatment system or to a
Municipal Waste Water Treatment Plant.

Specifics of leachate management and drainage collection
and storage systems:

Leachate Retention Ponds:

Volume of Retention Pond #1 15,664 Cu ft
Volume of Retention Pond #2 46,992 Cu ft
Liner 60 mil HDPE

Detailed information regarding the composting pad and liner
system was submitted with the permit to construct
application. Some of this information is provided in the
appendices.



D. SIGNS for INSTRUCTION -
Signs are posted to show traffic flow and hours of operation.
Included on the main sign is our permit number and non-

acceptance of the following wastes:

1. Hazardous wastes.
2. Asbestos containing wastes.
3. Medical wastes.

4. Painted or treated wood wastes.

E. WASTE COMPOSTED -

Composting is limited to the following waste by-products:

. Wood waste.
. Agricultural plant waste.

. Pre and post consumer food waste.

1
2
3
4. Sludge from industrial enzyme production.
5. Residuals from drinking water treatment.

6. New gypsum dry wall scrap wastes (ground on site).
7

. Source separated specialty wastes as approved by
NCDENR Waste Management Division.



2. DESCRIPTION of PRODUCTION ~
A. EQUIPMENT and PERSONNEL. -
1. Equipment — The following equipment is stored and maintained
on site.
a. Fixed Capital Equipment
(1) - Mixing Area - 4,200 square foot area for SBM and
mixing other organic feedstock.
(1) — 35 cubic yard Electric Mixer
b. Mobile Equipment
(3) Rubber tire loaders
(3-6) 30 & 40 cubic yard roll-off containers
(2) Hoist Lift truck for roll-off containers
(1) Screening plant
(1) Compost turner & hose reel
(1) Grinder
c. Monitoring Equipment
Analog Temperature probes
Digital Temperature/Oxygen probe
PC and Compost Manager Software
Oven
Scales
pH meter

Weather station

All equipment is maintained by Novozymes or contract
vendors. Preventive maintenance schedule have been
developed to track all work performed on each piece of
equipment as recommended by the manufacture. Additional
equipment may be added as volumes and efficiency
dictates the need. Some of the equipment listed above may



become obsolete or outdated over time and they will then
be replaced with suitable alternatives. Laboratory
equipment such as scales, pH meter, oven and probes are
calibrated annually by Novozymes personnel or sent off to

the equipment manufacturer for calibration.

2. Personnel - We have a minimum of three full time
trained employees on site during hours of operation. These
three employees are capable to run this operation at all
times. In the event that all employees leave the site during
normal operating hours, the site will be then be closed by
securing and locking the entrance gate.

(1) Manager

(3) Equipment Operators

(1) Staff Assistant

Additional personnel may be added as volume dictates the

need.

3. Training of Personnel — The Compost Department
Manager has been formally trained at Composting Schools
conducted by the University of Maryland (1994) and The
University of Georgia (1996). All equipment operators are
trained by the Compost Department Manager. They may
also attend "operator training” courses as they become
available from the North Carolina Composting Council or
the US Composting Council. We currently have 4 operators
trained from the NC Composting Council's Yard Waste

Training Program.
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B. METHOD USED -

We use the “Turned Windrow Composting Method” to compost the
waste materials identified in section one. Windrows are
constructed at approximately 6 feet in height and 12 feet in width.
The length of windrows may vary based on the location within the
compost pad area. The average length of a windrow is 500 feet.
Windrow height will shrink to 4 feet during the active composting
period. At this time windrows may be combined to utilize compost
pad space in the most efficient manner.

C. PROCESS FLOW of COMPOSTED MATERIALS

- Composting Process Flow

11



PROCESS FLOW

The following is a Process Flow description of the six steps of
compost production:

1. Feedstock Delivery - Feedstocks enter off of highway 56 and
turn down Old Smith Farm Road. Signs direct traffic fiow to the
office and truck scale. All incoming feedstocks are inspected and
weighed prior to unloading. Feedstock materials are then placed at

the Feedstock Storage Area for temporary storage. These are

stored in bins by feedstock type. Carbon based materials are
stored outdoors and separated by type. Certain large wood waste
materials are ground to size for mulch or is used as a bulking
agent in the composting process. Oversized wood waste

feedstocks are unloaded at the Grinding Area. All trucks are

operated by onsite personnel or unloaded under the direct
supervision of site personnel. This assures the homogeneity of
materials being delivered. Nitrogen based feedstocks are mixed
with carbon based feedstocks and then incorporated into windrows
by the end of the workday or are stored under cover. Precautions

are taken to minimize problems with runoff, odors and vectors at

the Mixing Area.

2. Feedstock Recovery - At the Feedsiock Storage Area,
feedstocks that contain non-biodegradable but recoverable
materials are sorted and recycled. All non-recoverable materials
are collected and disposed in a permitted landfill. All recyclables
are stored in small containers and picked up for recycling on an as
needed basis. Any known household hazardous wastes are
separated out from recyclables and other trash and then are
disposed at a NC permitted facility that is approved in receiving

household hazardous wastes.
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3. Feedstock Preparation - At the Grinding Area carbon based

feedstocks are reduced to appropriate size for composting. A
select amount of the higher-grade wood waste material may be
ground and sold as a mulch and or boiler fuel product. All of this

activity occurs at and around the Grinding Area. The Mixing Area

provides an all weather surface to mix the various components of
the compost recipe. Front-end loaders use a 3.25 or 6 cubic yard
bucket volume to mix the feedstock components by batching them
into an electric powered mixer. Water or liquid Novozymes BMR
may be added at this time to increase moisture content if
necessary. The mixer will un-loaded the batch mix via conveyor

into a roll-off container for transport to the Compost Production

Pad. Feedstocks are mixed base on recipe design to maintain the

following mix parameters.

% A Carbon to Nitrogen Ratio of 20:1
» A moisture rating at 50 - 65%

% An oxygen rating at 5 - 15%

% A pHrating at 5.5-8.0

% A porosity rating of 1.5 - 2.0



A typical recipe is as follows:

Enze ReS|dIs ‘. 3 6,0
Sawdust 6.0 600

Yard Waste 6.0 3,000
Oversize screenings 6.0 2,000
Totals 22 11,600

During seasonal variations of yard waste feedstock this recipe is
adjusted accordingly. The C:N is lower during the spring and
summer months and higher during the fall and winter months. The
recipe is adjusted by lowering or raising the amount of enzyme
residuals (nitrogenous material) in the recipe mix. Changes in the
mixing recipe can only be made by the Compost Dept. Manager.

Each feedstock material is tested prior to acceptance in the facility

and to determine base levels of the above parameters. Initial

testing of feedstocks includes the following:

Cadmium 39
Copper 1500
Lead 300
Mercury 17
Nickel 420
Selenium 36
Zinc 2800
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Windrows are constructed at six feet in height and twelve feet in
width. Length may vary depending on location within the site. An
average length would be approximately 500 feet. Windrows are
monitored and tracked by batch number. Newly formed windrows

are placed at the far southwest end of the Compost Production

Pad. Windrows are turned, inverted, mixed and conveyed by using
a compost windrow turner with a side conveyor system. The
purpose of turning is to homogenize the feedstock mix, provide
airspace, hydrate or dehydrate windrows. The side conveyor
system is used to index windrows from the starting location to the
post process screening and curing areas. This system can pick up
one entire windrow in on pass and index one slot over on the

Compost Production Pad. In the event that the compost windrow

turner becomes non-functional, the front-end loader will then be
used to turn windrows. A two-foot access row is left between each
windrow for track space for the compost windrow turner. The
turner maintains a straight line when turning through each
windrow. As the turner approaches the end of each windrow it
drives off the area that has membrane and under-drain and drives
on to a gravel or concrete turning pad to make a 180 degree turn
to circle back and turn the next windrow in line. Turning on these
surfaces protects the membrane and under-drain from potential
damage by the turners tracks. A twenty-five foot access way is

maintained surrounding the Compost Production Pad for vehicular

traffic and fire control.

4. Active Composting - Mixed feedstocks are actively composted
using the “Turned Windrow Method of Composting”. Windrows are

turned 5 times during the 15-day high temperature period (131°F)

15



by using the compost turner or front-end loader. This maintains
homogeneity and porosity during aerobic decomposition and
control any pathogens present in the feedstock materials. Turning
frequency thereafter is based on moisture and oxygen levels. The
monitoring biological activity is accomplished by tracking both pile
temperatures and oxygen levels. Pile temperatures are monitored
two times per week, by using a four-foot digital probe
thermometer. Temperatures are taken at different points every
sixty feet along the windrow by inserting the temperature probe
half way up the slope of the windrow, and into the windrow the
length of the shaft. All readings are recorded as well as the mean
temperature. Readings are recorded to achieve the Process to
Further Reduce Pathogens (PFRP) specification of for 131°F over
15-day period with a minimum of 5 turnings. Data is collected on
the “Compost Manager” Software program. This program tracks
the time and temperature as it relates to meeting the PFRP
requirement for windrow composting. The program will highlight in
green which windrows have met the 131°F — 15 day requirement.
This program also tracks turning frequency, watering amounts and
oxygen readings. In the event that this program becomes non-

functional hard copy of the data is recorded manually.

Percent oxygen present within a windrow is monitored weekly
using a digital oxygen probe to maintain aerobic decompaosition of
organic matter. If oxygen levels decline, more bulking materials
such as wood chips are added to increase the porosity of the pile.
This increases the oxygen levels by increasing convection currents
of oxygen being pulled into the pile. Increasing the frequency
windrow turning also achieves this same resuit by increasing the
porosity of the windrow. Both temperature and oxygen data are
recorded by batch number using a computerized “Compost

16



Manager” software program. In the event that this program
becomes non-functional hard copy of the data is recorded

manually.

Moisture is checked weekly by grabbing a handful of composting
material and balling it up with both hands. If the ball is compacted
with no moisture running out, but can be easily broken apart, it will
be at approximately 50% moisture. This is verified at the end of
each month in the lab by using an oven to determine the dry
weight and wet weight of the composting materials. Windrows are
watered to maintain the minimum 50% moisture and the maximum
of 65%, by using the following method. The irrigation system
pumps water through a main PVC line running perpendicular to
the windrows. Hydranis come off the mainline. An irrigation reel is
attached to the hydrant to access water at one end and the
compost turner at the other end. As the turner moves down the
windrow it provides moisture addition directly to the compost with
minimal run off. The source of water comes from the following
source: An onsite spring, leachate retention ponds, stormwater
detention pond, or the Novozymes spray irrigation water. Leachate
pond water is only used during the first 30 days of active
composting or prior to reaching PFRP requirement. Once
windrows meet the PFRP requirement only spring water or
Novozymes spray irrigation water can be used for moisture
addition. These waters do not contain pathogens. By maintaining
this practice we minimize the potential of reintroducing pathogens
to windrows that have reached PFRP.

The pH of the active compost is tested monthly by NCDA Labs.
Sampling will occur every sixty feet along each windrow. We use

the US Compost Council Test Methods for Examination of

17



Compost as our parameters for sampling and preservation. The
detail of this program is enclosed in the appendix of this
document. This is accomplished by sampling at a depth of four
feet. A composite sample is tested using an electronic pH meter.
Composting materials are monitored to maintain a pH rating of
5.5-8.0. If levels change beyond this range corrective measures

are taken by increasing the amount of acid or alkaline materials.

5. Compost Curing - After a minimum period of 60 days of active
composting the compost product is moved off of the Compost

Production Pad area to the Screening Area. There are two curing

piles located near the loading ramp area. Adjacent to the cure
piles are finished product piles. Cure piles and finished product
piles are rotated to insure that the oldest mature product is sold
first. These piles are each sized at 100 feet wide, 75 feet long and
15 feet high. The compost cures in static piles for a minimum of 30
days or until testing indicates a mature product. Normally this is
indicated by lower temperatures, a neutral pH of 7.0, and a
lowered carbon to nitrogen ratio. The Solvita Maturity Test is used
as an indicator to determine final product maturity. This test uses a
color key to measure ammonia and carbon dioxide levels in the
cured compost. Our standard for product sales is a final Solvita
Index of 6—8 for product distribution. A copy of the Solvita test and
the sampling protocol is provided in the appendix. The USCC-STA
program verifies this quick test by testing both maturity and

stability parameters.

6. Compost Storage - The Compost Storage Area is maintained

as a large static pile of cured, finished, and screened compost.
The site has the capacity to maintain a stockpile of 16,000 cubic

yards (8,000 tons) for inventory. An overflow storage area is

18



located behind the loading dock area that can store an additional
8,000 cubic yards (4,000 tons) of compost.

a. Screening

Screening of finished product occurs in the Compost

Storage Area. A front-end loader feeds compost product

into a screening machine. The screen separates out large
oversized material to meet particle size requirements. Fines

are conveyed by a stacker and stockpiled for final curing

and sale in the Compost Storage Area. Oversize product is
stockpiled for re-incorporation into windrows as a bulking
agent or sold as a mulch product. The site has an overflow
finished product storage area that can be used to store an

additional 3,000 cubic yards of finished compost product.

The following products are labeled and stored on site in the

Compost Storage Area:

Medium Compost (finished)
Coarse Compost (finished)
Fine Compost (finished)
Special Blends

S

Amendments

b. Blending
Cured and screened finished compost product are mixed by

volume, using a front-end loader, with pine bark or other
horticultural amendments that do not contain pathogen or
heavy metals, such as Sand, Topsoil, Perlite, Perma-till,
Rock, and Vermiculite. Once mixed, these products are

stored as finished products ready for shipping.

19



3. QUALITY ASSURANCE PLAN
A. FEEDSTOCKS -

New Incoming feedstock materials are monitored and if needed
tested by a North Carolina Certified lab for hazardous waste,
pesticides, asbestos, heavy metals and organic matter content.

Existing feedstock sources are tested quarterly.

B. DAILY PROCEDURES -
The information below is recorded on a Monitoring Checklist. Data

will then be transferred to a database.

1. Date of record and day of the week.

2. Person recording.

3. Tests or activity to be performed

4. Visual check of stormwater and leachate management
systems

5. Visual check of evidence of vectors.

6. Odor check

7. Visual check of trash and recycling areas.

8. Inventory Control - The amount of both incoming and
outgoing materials will be weighed and or measure by
volume and tracked by a computerized database scale

system.

C. WEEKLY PROCEDURES -

1. Temperatures for PFRP

Temperatures are monitored two times per week with a three-
four foot temperature probe. Temperatures are taken every sixty
feet along the windrow. All readings are recorded as well as the

mean temperature.

20



2, Oxygen Content
Percent Oxygen present within a windrow is monitored weekly
using a digital oxygen probe to maintain levels at or above the

aerobic range. All readings are recorded.

3. Percent Moisture

Percent moisture readings are taken at the end of each week by
using the hand check method. We use a 50% minimum and a
65% maximum moisture percentage as our optimum ranges for
decomposition. This also gives us an indication for monitoring
watering activities. All readings are recorded. The weather station

is also be used to gauge rainfall over the same period.

4. Turning of Windrows
Windrows are turned based on PFRP specifications and thereafter

on moisture and oxygen levels. Turning frequency is recorded.

5. Watering Amounts
Moisture readings taken weekly determine the frequency of
watering. The water source and amount applied in gallons is

recorded.
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D. MONTHLY/BI-MONTHLY PROCEDURES -

1. Stormwater System Maintenance
The Stormwater System is inspected afier each rain event and
maintained monthly or more frequently if not operating properly.
Monthly activities include the following:
a. Maintaining positive flow to retention pond.
b. Removal of trash and sediment in drainage ditches.
c. Cleaning and clearing weep holes along level spreader.
d. Maintaining a no vegetation zone on stone apron of level
spreader.
e. Maintaining grass riparian buffer on down slope of level

spreader.

2. Testing Parameters

Novozymes participates in the United States Composting
Council's Seal of Testing Assurance Program, NCDA labs and in
house testing parameters to monitor for both compost product
quality and NCDENR compliance. The USCC guidelines and test
methods for sample collection and preservation are included in the
appendix of this document. The USCC STA Program goes beyond
the North Carolina State requirements for testing therefore;
participation in this program assures distribution of a quality
"Grade A” compost product. The following chart compares these

of testing parameters:
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Testing

Parameters
By Sample
Type

Feedstocks
Hazardous
Waste

pH

Scoluble Salts
Nutrients
Moisture
Content
Organic
Matter
Content
Regulated
metals
Carbon:
Nitrogen Ratio
Pathogens

Active Compost

Temperature
Turning of
Windrows
Oxygen
Moisture
Content
Final Product
pH

Soluble Salts
Nutrients
Moisture
Content
Organic
Matter
Content
Regulated
metals
Maturity
Stability
Particle size
Pathogens
Solvita
Maturity Index

Man-made
Inerts

Carbon
Nitrogen Ratio

NCDENR
Requirement
Compost Permit
Frequency by
Facility
Capacity
2 X! year or
every 20, 000 tons

Non applicable
Not required
Not required
Not required
Not required

Not required

Not required
Not required
Not required

2 times/MWeek

Based on temperature

Weekly
Weekly

Required

Required

Required
Not required

Not required

Required

Not required
Required
Required
Required

Not required

Required

Monthly

US Composting Council
STA Program

Frequency by Volume of
Finished Product Annuatly

6,251 — 17,500 tons - 1 per
2 months
Non applicable
Non applicable
Non applicable
Non applicable
Non applicable

Non applicable

Non applicable
Non applicable
Non applicable

Non applicable
Non applicable

Non applicable
Not required

Bi-Monthiy
Bi-Monthly
Bi-Monthly
Bi-Monthly

Bi-Monthly

Bi-Monthly

Bi-Monthly
Bi-Monthly
Bi-Monthly
Bi-Monthly
As needed

Bi-Monthly

Bi-Monthly

Novozymes NA
QA & QC Requirement

Frequency as Stated
Below

6,251 — 17,500 tons - 1 per 2 months

New Feedstocks if warranted

Quarterly
Quarterly
Quarterly
Quarterly

Quarterly

Quarterly
Quarterly
Quarterly if warranted

2 times/Week
Based on temperature

Weekly
Weekly

Quarterly
Quarterly
Quarterly
Quarterly

Quarterly

Quarterly

Quarterly
Quarterly
Quarterly
Quarterly
As neseded

Quarterly

Monthly
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3. Inventory Control

Daily shipments of finished product and incoming feedstocks are
tracked using the scale computer system. An inventory control
report is generated monthly.

4. Physical Characteristics Parameters

Grading of the physical characteristics of the finished product is
determined as per table one of section .1407 by measuring
particle size and percent of dry weight inerts. Particle size will not

exceed 1 inch and percent dry weight inerts will not exceed 6%.

5. Chemical Characteristics Parameters
Composite samples of finished and mixed product are tested for

the following materials:

“A;‘fs‘emc
Cadmium 39
Copper 1500
Lead 300
Mercury 17
Nickel 420
Selenium 36
Zinc 2800
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6. Mature Degree of Stabilization

Tests of composite samples of finished product are tested to
determine PFRP and Reduction of organic matter as per table 3 of
section .1407. The Solvita Maturity Test is used as needed to
determine final product stability. Details on sampling and testing
procedures are provided in the appendix. USCC STA testing

confirms both finished product stability and maturity.

7. Soluble Salts

Composite samples of finished compost are tested to determine

total soluble salts. USCC STA testing confirms soluble salt levels.

All testing is performed by using methods outlined in table 5
section .1408 of the NCDENR Solid Waste Management Rules.

E. ANNUAL PROCEDURES -

1. Annual Reporting
This is a synopsis of procedures and activities that have taken
place over the course of the year. This report is submitted by

August 1 of each year to the following address:

State of North Carolina Dept. of Environment,
& Natural Resources

Division of Waste Management

401 Oberlin Road

Suite 150

Raleigh, NC 27605

As per section .1408 (c) of the NCDENR Solid Waste

Management Rules an annual report will be submitted to
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NCDENR Solid Waste Section on August 1 of each year covering

July 1 to June 30" with the following information:
a. The facility name, address, and permit number,

b. The total quantity in tons, with sludge values expressed
in dry weight, and type of waste received at the facility
during the year covered by the report, including tons of

waste received from local governments of origin.

c. The total quantity in tons, with sludge values expressed
in dry weight and type of waste processed into compost

during the year covered by the report.

d. The total quantity in tons and type of compost produced
at the facility by product classification during the year

covered by the report.

e. The total quantity in tons and type of compost removed
for use or disposal from the facility, by product
classification, along with a general description of the market

if for use during the year covered by the report.

f. Condensed monthly temperature monitoring to support
Rule .1406 (12) (A).

g. Results of tests required in Table 3 of Rule .1408 (a) (1).
(d) Condensed yearly totals of solid waste received and
composted shall be reported back to the local government

of origin for annual recycling reporting.
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G. PEROIDIC MAINTENANCE PROCEDURES -

1. Stormwater and Leachate System Maintenance

There is a periodic need for maintenance for both the Stormwater
and Leachate System. Sediment in ponds can build up and there
is a need to dredge these structures periodically. As this need
arises the dredged material is re-incorporated into newly formed
compost windrows and or landfilled.

2. Compost Pad Maintenance

There is a need to patch or replace any areas on the compost pad
that are low, rutted, or worn due to vehicle traffic. ABC Stone is
spread out on these areas and then compacted by a vibratory

roller.

3. Equipment Maintenance

All equipment used on site has been assigned Preventative
Maintenance Program based on the manufactures suggested
maintenance and hours of operation. A Preventative Maintenance
Form is filled out by the operator before the equipment is used in
the daily production. Novozymes Maintenance staff tracks all
hours and maintenance activities associated with each piece of
equipment. Novozymes also maintains service contracts with
select vendors to service and repair equipment that has been
deemed critical to the operation. Some of these include rental
equipment contracts for equipment that may take more than 24

hours to repair.
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4. HEALTH AND SAFETY -

A. HEALTH AND SAFETY STATEMENT -

Safety and Health Services at Novozymes is organized around the
full-time Safety and Health Manager and Occupational Health
Nurse. In addition, safety and health is very much a part of line
management fundamentals with goals aimed at improving hazard
recognition/control and eliminating injuries. To accomplish this, we
provide frequent training, departmental self-audits, and utilize our
expanding Behavior Based Safety program. New employees are
given safety orientation, which includes hazard communication,
personal protective equipment, emergency procedures, tock-out
and tag-out, confined space, and forklift operator training
requirements. Written safety programs include all OSHA required
subjects such as:

¢ Proper Use of Fire Extinguishers
¢ Hazard Communication
s Emergency Action Plan
s Eye Protection

» Hearing Conservation

* Lockout/Tag-out

+ Confined Space

» Forklift Safety

» Hot Work

e Electrical Safety

» Respiratory Protection

» Blood borne Pathogens
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B. CONTINGENCY PLANS & EMERGENCY RESPONSE -

1. In-climate Weather

In the event of adverse weather conditions we are prepared to
shut down operations of the site. The processing of incoming and
outgoing materials will cease. All nitrogenous materials will be
mixed into windrows or covered with ground carbon materials or
finished compost. If we experience a heavy rainfall period, the site
is designed to handle any overflow from the primary retention
pond to the secondary overflow structures. In the event that it
becomes necessary we have the capabilities of pumping water
from the retention pond to the Novozymes waste water treatment

plant.

2. Fire

in the event of a fire we are prepared to extinguish and contain
any start of fires with fire extinguishers. Emergency phone
numbers are posted at all phones to call the local fire department

to respond.

3. Spill Response
The following are general guidelines to be followed for a non-

hazardous chemical spill.

Non-Hazardous spills or leaks
a. Alert area occupants and supervisor.

b. Check MSDS for hazard determination and spill cleanup
method.
c. If the determination is hazardous, contact NZNA

Environmental Operations.
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d. If the determination is non-hazardous, follow MSDS clean up

method and properly dispose of the clean up material

The following are general guidelines to be followed for a diesel fuel spill.

Small spill: < than 100 Gallons
-a. Alert area occupants and supervisor.

b. Eliminate all ignition sources.

c. Isolate spill or leak area immediately for at least 25 to 50
meters.

d. Remove contaminated people from spill area and flush with
water for 20 minutes.

e. Cali 911 if First Aid is needed.

f. All equipment used when handling the product must be
grounded.

g. Do not touch or walk through spilled material.

h. Stop leak if you can do it without risk.

i. Absorb or cover with dry earth, sand or other non-combustible
material.

j. Transfer clean up material with product to containers for proper

disposal.

Large spill: > 100Gallons

Immediately alert area occupants and supervisor

a. Call 911 and NZNA Environmental Operations.

b. Eliminate all ignition sources.

c. Initial downwind evacuation for at least 300 meters.

d. Remove contaminated people from spill area and flush with
water for 20 minutes.

e. Keep unauthorized people away and stay upwind.

f. Dike far ahead of spil! for later disposal.
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g. Water spray may reduce vapor.
h. Transfer clean up material with product to containers for proper

disposal.

4. Dust, Odor, Noise, Vectors or Traffic

To date we have not experience any complaints due to odor, noise
or vector problems. Potential odor and noise problems should not
be a factor based on the sites design and operation. There is a
natural buffering of noise and wind from the screening of existing
trees and vegetation. We monitor odor on a daily basis and use a
trouble shooting guide establish by the US Composting Council to
eliminate the cause of odor generation. This is accomplished by
managing carbon to nitrogen ratios in mix design, tracking oxygen
and moisture levels in windrows, and managing a windrow turning
schedule. In the event that we should have a complaint of an odor
problem we will first look at the source of the problem and correct
it immediately by investigating the root cause of the problem.
During the interim we will take action to minimize the odor by
adding a ground high carbon material or a finished compost to act

as a Biofilter for the odor. The following is a decision chart that we

will use to correct odor problems.

Lack of oxygen Turn windrow and/or add bulking material

Excess nitrogen Add carbon and turn windrow

Excess moisture Turn windrow and/or add bulking materials

Compressed windrow | Turn windrow and/or add bulking materials
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We monitor any conditions that would cause dust problems from
particulates. A water wagon and our irrigation system can be used
to minimize any potential dust problems. We have limited the
operating hours of the facility to minimize any potential noise
problems. The presence of vectors is inspected daily as part of the
daily monitoring procedures. If we were to experience problems
with vectors, we will contact a professional exterminator for
control. Our site location and design should minimize any traffic
problems. The site is located of a highway 56 with a marked
entrance area sufficient to handle our daily estimated traffic
volume. The road entering the facility is a private road and does

not receive any local traffic.

5. Non-Conforming Waste

As stated earlier incoming feedstocks are inspected and weighed
prior to unloading. It is our intent to screen all materials as they are
unloaded. In the event that contamination from a non-conforming
waste has occurred the source will be identified and material will
then be transported back to its place of origin or sent to an
approved landfill. Any known household hazardous wastes are
separated out from recyclables and other trash and then are
disposed at a NC permitted facility that is approved in receiving

household hazardous wastes.
6. Non-Conforming Product

All non-conforming or off spec product will be reprocessed or

disposed in an approved landfill.
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Novozymes NA has in place contacts for equipment rental, lease,
or contracted labor in the event that our existing equipment breaks

down. This is a precaution allows us to continue operations.
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5. PRODUCT MARKETING AND DISTRIBUTION PLAN
PRODUCTS-
Our Certified Compost comes in three forms Coarse, Medium and
Fine. This is screened at 1/2inch, 3/8 inch and % inch. Special Blends
are derived from mixing, amendments with Certified Compost.
Landscape Mulch and Boiler Fuel are derived from grinding and

screening clean wood by-products.

Products

Certified Compost

Special Blends

Landscape Muich & Boiler Fuel

Certified Compost

This product is produced by first selecting clean source-separated
biodegradable feedstocks. Strict feedstock selection is an assurance
that the finished product will be of desirable characteristics. The other
basis for quality product is the participation in the US Compost Council
Seal of Testing Program and assurance of quality control of the
production process. The compost is carefully monitored to achieve
optimum results for the various particle sizes that we will sell to specific
end markets. Certified Compost has advantages over both natural
occurring soils and municipal yard waste compost. It provide organic
matter, it is neutral in pH, low in soluble salts, and has no significant
pathogens, weed seeds or diseases. It is mature in age, which provides
a stable product to manage in different horticultural applications. These

are important characteristics when considering product quality.
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Special Blends

The blending of compost plus other select amendments is designed
for a specific market niche. An example of this would be a 50/50 mix
of compost and screened topsoeil that can be used in landscape
installation as backfill for planting trees and shrubs. Another example
would be a mixture of compost, and aged pine bark that would be

used by growers in the container nursery business.

Landscape Mulch & Boiler Fuel

Wood waste is generated in all types of sizes and quality. Some wood
wastes are more suitable for composting while others are better suited
as a mulch product. Landscape mulch comes in different sizes, and
grades. This material is made up of double ground wood wastes such
as pallets. Natural landscape mulch is made up of ground bark by-
praduct from the milling of lumber. This product is sold to the
ornamental horticulture market. Less desirable and lower quality

mulch product is sold as boiler fuel.

MARKETS-
The product sales are marketed by direct sales personnel. We
accomplished this by the management of face- to -face sales calls on the

following market segments:

% Soil & Mulch Brokers
%+ Landscape Contractors
# Nurseries

s+ Agriculture

% Golf Courses

% Grading Contractors

<% Bag Product Companies
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DISTRIBUTION OF PRODUCT -

Our customers and prospects are easy to reach in person because they
are located within a 150 miles radius. In addition, our customers are
dependent upon having direct, personal contact with us. In light of these
considerations, our design distribution plan relies heavily on the use of
sales calls. Novozymes Compaosting uses contract transportation for
outgoing product. All products are shipped F.Q.B. our compost plant or

are picked up by the customer.

ADVERTISING AND PROMOTION -
Our advertising and promotion is based on the following positioning

statement:

“We will provide premium quality horticultural products that

perform in and on the landscape”.

The overall marketing plan for Novozymes Composting is based

on the following fundamentals:

‘0

!

Quality products priced at competitive rates

*

o

Quality control and quality assurance in each product made
% Continued research and development of new products and

markets

LA

Developing partners in growth with customers and the community

The advertising and promotional campaigns are designed to increase
customer awareness of our products and educate the end users. This
is achieved by developing marketing materials that includes our
research data, environmental stewardship, quality control, quality

assurance, and proven testimonials. We advertise in Trade Journals,
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Association Newsletters and on the web. Our point of sale advertising
displays are designed to educate the consumer on our product
applications. Novozymes NA continues to support the Trade
Associations by actively participating in seminars and trade shows.
Novozymes maintains a professional trade show booth for such
exhibits. We run seasonal promotions and pre-season booking
programs to increase sales during slow periods. We schedule press
release copy to local newspapers, radio, and the web. Our
composting facility is used for tours of area groups such as garden
clubs, schools, and civic groups.
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6. NOVOZYMES- 1SO 14000 INTERNAL DOCUMENTS

ISO 14001 is an environmental management standard. it specifies a set
of environmental management requirements for environmental
management systems. The purpose of this standard is to help
organizations protect the environment, to prevent pollution, and to
improve their environmental performance. Novozymes North America
has an ISO 14001 certified Environmental Management System which
covers all aspects of the operations, including Composting. I1SO 14001 is
a worldwide environmental management system standard that requires
systems to assure regulatory compliance as well as objectives to
continually improve environmental performance.

http://www fs.fed.us/ems/includes/sum ems elements.pdf

The site has been certified since 2000 and was most recently audited by
an outside registrar in April, 2009. The audit indicated full
conformance with the standard and only a couple of minor

recommendations for further improvement.

The following are Novozymes internal forms and documents used to
comply with our 1ISO 14001 certification program.

List of abbreviations are as follows:

TSS = Total Suspended Solids

BMR = Bio Mass Residuals

USCC-STA = US Composting Council Seal of Testing Assurance
MSDS = Material Safety Data Sheet

NZNA = Novozymes North America

NA = North America

ISO = International Standards Organization

WEF= Watar Environment Federation

IMAP = The internal system to tract NZNA documents

LGU, PReh, Jeer, LGU, SSMD, FRFR, SAST, DDD, LPJ, FIF, AKM, CLAN, =
Are all personal email initials for personnel in Novozymes.
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NZNA Compost

No. Version
__NZNACOM-112 1.0

Purpose

Description

Operations

Trouble-
shooting

OPERATION OF WATER REUSE TANK

The purpose of this document is to ensure proper operation of the water reuse
on the compost site.

The water reuse tank is a 3,000 gallon tank located at the southeast corner of
the compost facility. The tank is located on the edge of the two leachate ponds
and is white in color. The purpose of the tank is to supply water to certain op-
erations within the compost facility. The water stored in the tank comes from
the leachate ponds or from a well that provides fresh water to the compost site.

Step

Operation of the water reuse tank

1

Operation of the water reuse tank can be done either manually or by
a remote control. If done manually, you have to go to the control
panet located at the tank and turn the switches into the manual posi-
tions and then turn on the start button. The water valve that is being
used has to be open in order to supply water to the operation. It is
advised that the water valve is open so that you do not have pres-
sure build up behind the water valve that will be used. The water re-
use tank can also be cperated automatically using the remote con-
trol. Leave the switches in the auto position at the tank control panel
and use the on and off buttons on the remote.

Step

Tank does not pump

Preﬁé'r'éd by
SSMD
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NZNA Compost

No. Version
NZNACOM-112 1.0

Revisions

o Check to make sure there is power at the tank by lcoking at the
control panel.

+ The panel should be displaying the tank level in red LCD number.

e If there is no power to the panel issue a work order notification for
the maintenance department to investigate the problem.

» If there is power then check the panel at the tank to see if the
pump switch is in the auto or manual position.

¢ If in the manual position push the reset button and then the start
button.

« If pump starts but you still have no water, check the manual water
value under the tank to make sure it is open.

+ |f switch is in the auto position, push the reset button and then the
start button.

e |f pump starts and no water check the manual value under the wa-
ter tank to make sure it is open.

« |f pump is running and the manual water value is open but still no
water, issue a work order notification for the maintenance depart-
ment to investigate.

Step

Water running out of the top of the Tank.

« Check to make sure pump switch is in the automatic position or
manual position. If in the manual position turn the switch to off or
the auto position. Pump should stop pumping.

« If pump switch is in the auto position, high level indicator switch
inside the tank has failed. Operators will manually turn off the
switch to the stop position on the pane! to stop the tank from filling.
Then a work order notification is issue for the maintenance de-
partment to investigate.

IMAP format and loaded into DDD.
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NZNA Compost

No. Version
NZNACOM-111 3.0

Purpose

Description

Monitor and
operations

MONITORING OF THE LEACHATE PONDS

The purpose of this document is to ensure that the leachate ponds are moni-
tored on a routine basis and includes troubleshooting.

The leachate ponds are specially built ponds designed to hold and reuse water
that leachates throughout the compost site. They are located in the southeast
corner of the Compost Facility. A water reuse tank is located next to the ponds.
The purpose of this tank is to pump the reuse water back into the Compost
Facility for operational use.

The leachate ponds have a limited amount of storage and thus have to be
monitored and operated in a way to ensure safety of the pond walls as well as
the local environment outside of the Compost Facility. Since the ponds do
have a limited amount of storage they need to be check frequently for depth
levels. This process is done by visual inspection of the depth chain which is
located in the first pond. The visual inspection is taken in the moring and the
afternoon. The depth chain is measured in feet and inches. Below one foot is
consider empty, Seven foot is where the ponds are consider full and run the
risk of breaching the pond walls. At the 5 foot level on the depth chain action
needs to be taken in order to bring the pond's levels back down to a safe zone
of operation witch is at or below four foot.

A valve is located between the two ponds to help control individual levels of
the ponds. As of present this valve is left open for operational purposes.

The levels of the ponds rise and fall due to reuse of the water back into the
Compost Facility and by rain fall onto the Compost Facility.

Step | Monitoring and recording Leachate Pond AM

1 A visual inspection of the leachate ponds is done in the morning.
Water level is recorded in feet and inches from the depth chain in the
first pond on the Compost Dept. Operator worksheet (Form CO-001).
If the ponds are at the 5 foot level Environmental Supervisor or
Compost manager is notified.

Step |Monitoring and recording Leachate Pond PM

2 A visual inspection of the leachate ponds is done in the afterncon.
Water level is recorded in feet and inches from the depth chain in the
first pond on the Compost Dept. Operator worksheet (Form CO-001).
If the ponds are at the 5 foot level Environmental Supervisor or com-
post manager is notified. Turned in the sheet at the end of the work
day to the Environmental Opeérations supervisor.

Prepared by
SSMD

Approved by Valid from Page
SAST,FRFR 31-Mar-2009 10f2




NZNA Compost

No. Version
NZNACOM-111 3.0

Step

Record Keeping.

Data associated with the Leachate ponds is recorded on the Com-
posting Dept. Operator Worksheet (Form CO-001). Composting
Dept. Operator Worksheet (Form CO-001) is turned into the Envi-
ronmental Supervisor for review and signature. The Environmental
supervisor turns over the form to the Compost Staff assistance for
filing into the binder for Composting Dept. Operater Worksheet.

Action If the leachate pond is at 5 foot pumping should begin and should be done until
ponds are at the safe level.To do this use trash pump to pump through the
compost site’s irrigation line and send the leachate water to Lagoon 3.

Trouble Shoot- Contact the Environmental Operations Supervisor or Compost Manager.

ing

Revisions IMAP format and loaded into DDD,
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NZNA Compost No. Varsion

NZNACOM-110 1.0
OPERATION OF THE SCREEN
Purpose Describe normal operations and troubleshooting of the screen.

Description The Screen is a machine designed to remove unwanted particles to ensure a
consistent uniform product at the end of the screening process. The Compost
Facility presently uses a McCloskey Brothers 516E screen for the purpose of
screening the compost from the Windrows.

Operations Step Action

1 Complete PM Check Sheet before start-up Reference: NZNA-CO-
007.

Start-up and Operate Screen according to Manufacturer’'s manual,

3 Take one bucket at-a-time of mature compaost from Windrow using a
loader. Reference: NZNA-CO-104.

Final preduct is moved to load out area on Compost pad.

an

Oversized material is moved to bulking bin to be reused in future
Windrows.

Shut down Screen according to Manufacturer's manual.

Complete end of day info on NZNA-Co-001.

Tum completed form into Compost Staff Assistant.

Wi~ o

Completed form is filed in binder by (CSA).

Trouble Shoot- Trouble shooting of the machine is included in the Maintenance section of the
ing manufacturer's manual.

Revisions IMAP format and loaded into DDD.
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NZNA Compost

No. Version
NZNACOM-109 2.0

Purpose

Description

Operations

OPERATION OF THE TURNER and INDEXER

Describe normal operations and troubleshooting of the Turner and Indexer.

The Turner is a machine designed to turn composting Windrows in order to
provide adequate mixture of oxygen, moisture and help in keeping a control
temperature in the compost rows so that the bacterial organisms located in the
Windrows can perform the duties of breaking down the carbon sources in the
Windrows. Generally the Windrows are turned 1x/wk. The Compost Facility
presently uses a Backhus 16.43 Turner with an Indexer. The Indexer is used
to move the oldest windrows closer to the screen during the turning process.

Step Action

1 Complete PM check sheet before start-up Reference: NZNA-CO-
006.

2 Start-up and operate Turner and Indexer according to Manufacturer’'s
manual.

3 Shut down Turner and Indexer according to Manufacturer's manual.

4 Complete end-of-day information on NZNA-CO-001.

5 Turn completed form into Compost Staff Assistant.

6 Completed form is filed in binder by (CSA).

Trouble shoot- Trouble shooting of the machine is included in the Maintenance section of the

ing

Revisions

manufacturer's manual.

The Indexer is used to move the oldest windrows closer to the screen during
the turning process.
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NZNA Compost

No.
NZNACOM-108 I

Version
_Ae

Purpose

Description

Temp. & Oxy-
gen Monitor-
ing & Meas-
urement

Moisture Moni-
toring and
Measuring

pH Monitoring
and Measure-
ment

Troubleshoot-
ing Guidelines

WINDROW MANAGEMENT & MONITORING OF WIND-

ROWS

Describe how to monitor the maturing process of the windrows by checking the
temperature, oxygen and moisture.

Windrows have a maturity date of 90 days. The production activity is monitored
throughout the 90 day cycie by checking the temperature and oxygen 3x/wi,
the moisture 1x/wk and the pH 1x/month. Presently Environmental Operators
use a windrow manager probe and the Operators have to be familiar with op-
eration of this probe and the manufacturer's manual.

Step Action
1 Take Temperature and Oxygen at different points every 60’ along the
Windrow, using the connecting probe and IPAQ unit.
2 After all Windrow data is collected, connect IPAQ unit to Compost
computer.
3 Download data into the Windrow Manager software page.
Step Action
1 Collect samples from each Windrow.
2 Take samples to compost lab to determine the dry and wet weight of
the Windrows by using compost oven.
Step Action
1 Compost sample is taken from the Windrows and shipped to the US
Composting Council test methods for examination of compost as our
parameters for sampling and conservation. Optimal pH is between 6
&7.
Step Action
1 Windrow temperatures should be over 131 F for a 15 day pericd. Be-
low 131 F consult Compost Manager for guidance.
2 An oxygen rating between 5-15% is optimum. Above 15% consult

compost manager. Below 5% need to turn the windrow more fre-
quently to add porosity, consult compost manager for guidance

Prepared by
SSMD

Page
10f2
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29-Aug-2007
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NZNA Compost

N, Version
NZNACOM-108 1.0

Revisions

3 A moisture reading between 50-65% is optimum. Above 65% turn
the windrow more frequently. Below 50% need to add water to the
windrow.

4 pH beyond optimal ranges contact Compost Manager.

IMAP format and loaded into DDD.

Prepared by
SSMD

Approved by Valid from Page
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NZNA Compost No. Version
NZNACOM-107 1.0
PURPOSE OF WINDROWS
Purpose To give guidelines on how to build windrows for the production of compost.
Description Windrow building is done in a designated area so that material consisting
largely of organic material can be broken down into a reuse material called
compost. The Compost Facility is presently designed for 15 windrows with the
average length between 500-800 feet long, 5-6 feet in height and 12 foot in
width.
Operations Step | Action
1 Operators will start windrows sequence numbering, beginning with
row number 1 and ending with windrow number 15. Variation from
this is a verbal approval from the compost manager.
2 Mix material is carried over from the Mixer by either a box truck or a
Front-end loader to the South End of the Windrow area and placed in
the designated windrow under construction.
3 There are pole markers located at the South and North ends of the
windrow area to give the Operators guidance.
4 Building of the windrows will take several days and depends on the
recipe mix.
Data Collec- Step Action
tion 1 Record data of mixture placed on each Windrow Reference: NZNA-
C0-001.
2 Enter data into Windrow Manager software program.
3 Turn complete Form into Environmental Supervisor.
4 Review completed form.
5 File Form.
Revisions IMAP format and loaded into DDD.
Prepared by Approved by Valid from Page
SSMD SAST 29-Aug-2007 10f1




NZNA Compost No. Version
NZNACOM-108 1.0

OPERATION OF THE MIXER

Purpose Describe the normal operations and troubleshooting of the Mixer.

Description The Mixer is multi-use machine designed to mix different material together for
the purpose of blending. The compost facility uses a Kuhn Knight mixer for the
blending of Raw materials into an unfinished compost mixture.

Operations

Step Action

1 Complete PM Check Sheet before start-up Reference: NZNA-CO-
005.

Receive recipe from Compost Manager.

Start up and operate Mixer according to manufacturer's manual.

Load mixer.

Open discharge door.

Close discharge door once truck is full.

Take truck with batch load to windrow area.

Record amounts of raw material in buckets on Form NZNA-CO-004.

Shut down Mixer according to manufacturers manual.

Tum complete form into Compost Staff Assistant.

=l @[~ || ] R]|WN

e =

Complete form is filed in binder by (CSA).

Trouble- Troubleshocting of the machine is included in the Maintenance section of the
shooting manufacturer's manual.

Revisions IMAP format and Loaded into DDD.

o *Vbﬁrébva?gafbf” R "'A‘W'Approved by Valid from Page
SSMD SAST 29-Aug-2007 1of 1



NZNA Compost No. Version
NZNACOM-105 1.0

OPERATIONS OF THE GRINDER

Purpose To establish a document that covers normal operations and troubleshooting of
the Grinder.

Description A Grinder is a machine that is used to ground bulky raw maternal into more
manageable material that can be use for different functions across the Com-
post Facility. The present grinding machine onsite is a Rotochopper model
MC266 and is located at the rear of the Compost Facility. This particular model
comes with the color option for the dying of mulch.

Operations

Step Action

1 Complete PM Check Sheet before Start-Up Reference: NZNA-CO-
003

Start up and operate Grinder according to manufacturer's manual.

Shut down Grinder according to manufacturer's manual.

Complete end of day info on PM Check Sheet from Step 1.

Turn complete form into Compost Staff Assistant.

||| N

Complete form is filed in binder by (CSA).

Troubleshoot- Troubleshooting of the machine is included in the Maintenance section of the
ing manufacturer's manual.

Revisions IMAP format and loaded into DDD.

Prepared by 7 Approved by valid from Page
SSMD SAST 29-Aug-2007 1of1



NZNA Compost No. Version
— NZNACOM-104 2.0

OPERATION OF THE LOADERS

Purpose Describe the process of normal Operations and troubleshooting of the Loaders

Description A Loader is a machine designed to load, move and carry material around the
compost site. Presently the Compost Operations has two Caterpillar 924G
models and one 9624 model.

Operations Step |Action

1 Complete PM Check Sheet before Start-Up Reference: NZNA-CO-
0oz,

Start up and operator loader according to manufacture’'s manual.

Shutdown loader according to manufacture’s manual.

Complete end of day info on PM Check Sheet from step 1

Turn completed form into Compaost Staff Assistant (CSA).

o || N

Completed form is filed in binder by (CSA).

Trouble shoot- Troubleshooting of the machine is included in the Maintenance section of the

ing manufacturer's manual.
Revisions Added Loader.
Prepared by Approved by Valid from Page
SSMD SAST 5-Mar-2009 10f 1



NZNA Compost

No. Version
NZNACOM-102 1.0

Purpose

Description

OPERATIONS OF WEIGHT SCALE

This document is to describe the praper weighing of Incoming raw material and
outgoing finish product for billing purposes. The document also covers trouble-
shooting. The scope is for the Licensees in the Compost Department.

The present scale is a Cardinal WinVRS model. The location of the scale con-
trols is inside the compost trailer. The operational unit of the scale is located in
front of the compost trailer.

In order to operate the weight scale you must have:
» Certified Operator
The Operations of the Weight scale is done by Licensees approve by the North

Carolina Department of Agriculture and Consumer Services. The certificate’s
of the Licensees is located next to the computer scale area in the Compost

Trailer.

» Software setup

The setup of the software to operate the scale is the responsibility of the Com-
post Manager and Compost Staff Assistance. They assign a system with the
software so as to recognize the customer's within a data base.

Step Action
1 The scale is operated in accordance with manufacturing recommendations.
The Manufacture's manual is located in the Compost Trailer. Customer's
vehicles are weighed as they enter the compost facility.
Step Action
2 Vehicles drive up onto the scale which is located in front of the compost trailer.
The beginning weight is recorded into the file of the customer on the scale
computer.
Step Action
3 Once the data has been recorded the certified operator turns on the green
light on the stop light so that the customer can exit the scale and drive to the
appropriated area within the compost facility.

Preparéd by
SSMD

Approvéd by Valid from Page
SAST 29-Aug-2007 1of2




NZNA Compost Nao. Varsion
NZNACOM-102 1.0
Step Action
4 Once the customer is loaded or unloaded they retum too the scale for weight-
ing out.
Step Action
5 » The certified operator records the end weight into the customer’s file on the
scale computer. The difference between the beginning and ending weight is
your actual weight.
Step Action
6 A carbon copy weight ticket is then issued for the customer.
Step Action
7 The customer takes one copy and two copies of the weight ticket are turned
over to the Compost Staff Assistant.
Data Collec-  All data collected from the above operation is turned over to the compost staff
tion assistant for further processing.

Troubleshoot- Troubleshooting guidelines are located in the manufacturer's manual.

ing

Revisions IMAP format and loaded into DDD.

Prepafed by
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NZNA Compost

No. Version
NZNACOM-101 1.0

Purpose

Description

Department
Structure

Training Pro-
gram

Training Re-
cords

Compost Operations Training Program

The purpose of this document is to describe training background for the Com-
post Department.

The Compost Operations Department Training Plan should ensure that all
Staff and Operators have a basic understanding of processes, relevant gquality
systems, equipment and procedures in order to conduct their assignments in a
safe and effective manner. Since Environmental Operations supplies the Op-
erators for Compost Operations their training is related to Cperations within
Environmental Operations.

Compost Operations personal are divided into three categories:

« Staff (Compost Operations Manager, Environmental Supervisor, and Staff
Assistant).

» Environmental Operations Senior Operator

« Environmental Operations Operators

Training programs will be provided for each employee to insure that the
needed training to full fill job duties is identified.

Once per year, during the annual review process, the Employee’s Supervisor
or Manager will review the previous year's training program and amend as
necessary. Status of training from the previous year should be documented.
This training program will be kept in the employee’s training file. When Envi-
ronmental Operators rotate back into the compost operations they will be re-
evaluate on their knowledge of the operation and updated on any parts of the
operation that has change. A compost training form is provided for the Envi-
ronmental Operateors so that progress and training can be tracked. (Form CO-
010}

Environmental Operators:

The Environmental Operations Supervisor is respansible for making sure that
each of the operators has an up-to-date training record in their training file.
Training files will contain an over-all cover sheet indicating the types of training
an operator has had. The file may also contain any state certifications or train-
ing, completion of training signatures, training goals and any other certifica-
tions that may be beneficial to an operator or the department. Environmenta!
Operations staff assistance keeps the training records in the staff assistance

Prep‘é'fe”d' by
SSMD

Approved by Valid from Page
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NZNA Compost No. Version
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office. Training records for Environmental Operators working within the Com-
post Operations is kept with the Environmental Operation Supervisor.

Responsibility The Environmental Operations Supervisor is responsible for defining and im-
plementing the training program on an individual basis.

Revisions IMAP format and loaded into DDD.

Prepared by Approved by Valid from Page
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No. Version
NZNACOM-100 2.0

Purpose

External
Documents

Quality Re-
cords

Control of Re-
cords

Revision

Compost Quality Records

This document is to describe Quality Records for the NZNA Composting
Department to insure compliance with QMS 1.05, NZNA 1.06.02 and QMS
1.06.

Composting Department uses the Manufacturers manuals of the equipment as
operating SOP for equipment. Environmental Operations Supervi-
sor/Environmental Operations Senior Operators are responsible for registering
each piece of equipment with manufacturer to insure that any updates to
equipment manuals are received. Once received manufacturer's manuals are
maintained in Compaost Trailer,

Information collected on approved forms, entered into databases, spread-
sheets and/or prepared reports are considered as Quality Records if they are
used to:

¢ Document the operation of the Compost Department equipment and proc-
e55es.

» Meet requirements of stated issued environmental permits and operation
permits for which the Compost Department has primary responsibility for as-
suring compliance.

» Hard copies of all completed forms are stored in binders in Compost trailer
for the current year.

* PM documents are kept for 1 year. Forms are located under the relative
equipment.

¢ Electronic data bases and spreadsheets are maintained on the R drive.

» Exception is the windrow monitoring folder which is maintain on the compost

computer under Ci\programfilestwindrowmanaget. Hard copies of reports for
the current calendar year are located in the Compost Trailer.

Document control removed due to document kept in DBD.

Prepared by
SSMD
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Doc no.: NZNACOM-008 Version; 1.0 Valid From: 29-08-2007
Author: SSMD Approvers: SAST 29-Aug-2007 o
No. Version
NZNA-CO-008 1.0
Moisture Monitoring - Input Sheet
Windrow Temperature [Time Time Start End Tray
Number Date Degr_ees C In Date Out Weight Weight Weight

1
P
3
4
5
8
7
8
9
10
11
12
13
14
15

1. Turn on oven and set dial to 4.5 = 75 degrees C.

2. Turn on scales and zero out.

3. Mark pans with windrow number.
4. Tare each pan record weight in Tray Weight column.
5. Add approximately 2 grams of compost from each windrow sampled and record weight in Start Weight column.

5. Place all pans inside oven for a minimum 4 hours.

6. Turn off oven before leaving for the day.

7. Return the next day to record weights.

8. Return Input sheet to FrFr
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*All safety information,warnings, and Instructions must be read and
understood before you perform any operatfon or any maintenance.

R z 5 SERE e

' m 'Tr St
Leaks - any kind

Engine oil {evel

Hydraulic oil level

Differential and final drive oil level

Engine air filter

Engine coolant

Horn

Lights

Track Tension

Check around final drives

Track cleaners for free operation

Rotor drive seal

Rotor teeth

Cab air filters

Reset water meter

Seat beli

Windows -clean

Fire extinguiser

Backup-alarm

Check final drive to drive sprocket bolts

Start engine - let run for 3 minutes to warm up

Shut Down - let engine run for 3 minutes to cool down

Clear cab of any trash

Park turner & apply parking brakes & lower rotor

Lock all doors and remove all keys

Hand in this sheet before leaving
: e

Srt of day engine hours

End of day engine hours

Operator name :

Date:
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Operator

Date

Check and/or Perform once daily

Hydraulic oil level. Refill as necessary

Flow control settings

All items running clear & free from obstruction

Conveyor belt aligment. Track belt if necessary

Remove all debris from the machine that may cause build up

Lubricate all 4 tormemmel drum support roller bearings using EP2 Lithium bearing grease
Lubricate all conveyor bearings using EP2 Lithium bearing grease

Ensure trommel cleaning brush bristles project about 1/4" through the screen mesh

Safety inspection of the machine

I

Hours

|Eomments:
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*All safety information,warnings, and Instructions must be read and
understood before you perform any operation or any maintenance.

Leaks - any kind

Engine oil level

Hydraulic oil level

Differential and final drive oil level

Engine air filter

Engine coolant

Horn

Lights

Track Tension

Check around finzal drives

Track cleaners for free operation

Rotor drive seal

Rotor teeth

Cab air filters

Reset water meter

Seat belt

Windows -clean

Fire extinguiser

-alarm

Check final drive te drive sprocket bolts

Start engine - let run for 3 minutes to warm up

Shut Down - et engine run for 3 minutes to cool down

Clear cab of any trash

Park turner & apply parking brakes & lower rotor

Lock zll doors and remove all keys

Hand in this sheet before leaving

Starl of day engine hours

End of day engine hours
_F T

Version
1.0



Doc no.: NZNACOM-004
Author; SSMD

Version: 1.0

Valid From: 29-08-2007

COMPOST DEPARTMENT MIX SHEET

No.

NZNA-CO-004

DATE: WINDROW #

INITIALS: BATCH #

BUCKET TYPE:
SMALL 3.25CY RECIPE #
LARGE 6.5CY

BULKING MATERIAL "[BUCKETS

MIXER BATCH #1_

WAS BUCKETS
NEW SAWDUST BUCKETS
OLD SAWDUST BUCKETS
TOTAL BUCKETS

EER

BULKING MATERIAL

MIXER BATCH #

AT

BUCKETS LBS
WAS BUCKETS LBS
NEW SAWDUST BUCKETS LBS
OLD SAWDUST BUCKETS LBS
TOTAL BUCKETS LBS

MIXER BATCH #3

BULKING MATERIAL BUCKETS LBS
WAS BUCKETS LBS
NEW SAWDUST BUCKETS LBS
OLD SAWDUST BUCKETS LBS
TOTAL BUCKETS LBS

LKING MATERIAL

MIXER BATCH #4

WAS BUCKETS LBS
NEW SAWDUST BUCKETS LBS
OLD SAWDUST BUCKETS LBS
TOTAL BUCKETS LBS




COMPOST DEPARTMENT DAILY MIX SHEET

DATE: WINDROW #
INITIALS: BATCH #
BUCKET TYPE:
RECIPE # R6-8-06
LARGE 6.5CY

TEST BATCH

BULKING MATERIAL BUCKETS ' LBS

BULKING MATERIAL BUCKETS LBS
BULKING MATERIAL BUCKETS LBS
BULKING MATERIAL BUCKETS LBS
WAS BUCKETS LBS
NEW SAWDUST BUCKETS LBS
TOTAL BUCKETS LBS
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Pﬁl”‘é‘i%eck Sheefﬁ”mve's ~“Cat'Loader Model # ~ Loader #

*All safety information,warnings, and Instructions must be read and
understood before you perform any operation or any maintenance.
g WE

Leaks - any kind

[Engine oil

Hydraulic oil

Transmission oil

Differential and final drive oil level
Engine air precleaner

Engine coolant

Homn

Lights

Brakes

Tire Inflation

Seat belt

Window washer fluid
Windows clean

; it b - i et
Lubricate - 2 pumps on ail ports & front end
Fuel system water separator - drain

Start engine - let run for 3 minutes to warm up

Shut Down - let engine run for 3 minutes to cool down
Engine air precleaner<clean out bowl

Clear cab of any trash

Park loader & apply parking brakes & Lower Bucket
Check under loader in Park Brake area for material build up
Lock all doors and remove ail keys

Hand in this sheet before leaving

Start of day engine hours
End of da engtne hours

Operator name :
Date:




NZNA Quest

No.
NZNA-3.04.08

Version
1.0

Compost Inventory Counting

Purpose

Scope

Requirements

This procedure describes the inventory counts of production consumables,
compost feed stocks and finished goods

Compost and NZNA Finance Departments

Following table lists the tasks, who is responsible and the frequency of Com-

post inventory counting:

Task Responsible Frequency
Worksheet completion Operators Daily
Review of worksheets Supervisor Daily
Data entry Compost Staif Assistant | Daily
[nventory Counts Supervisor, Sr. Operator | Monthly
Data conversion, entry Compost Staff Assistant | Monthly
Review on-hand vs. SAP | Supervisor, Sr. Operator | Monthly
Inventory reconciliation | Compost Manager Monthly
Inventory adjustments NZNA Finance Dept. Monthly
Revisions New document
Prepared by Approved by “Valid from B Page
SSMD FRFR, TLF 12-Sep-2007 10of1




NZNA Compost No. Version

NZNACQOM-009 2.0

Daily Operator Checklist Form
Date: Operators: Mgr.

[] PM Check for Loader #1 — HRS: START END

] PM Check for Loader #2 - HRS: START END

[] PM Check for Loader #3 - HRS: START END

(] PM Check for Mixer

] PM Check for Screen - HRS: START END

] PM Check for Turner - HRS: START END

[ ] PM & Safety for Rotochopper: HRS: START END

COMPOST

Trash Present ho yes action:

Vectors Present | no yes action;
Rainfall Amount inches
Leachate Pond Level -
AM feet inches
Leachate Pond Level - PM feet inches
T Ry T Ve R TR
SSMD FRFR 17-Nov-2009 lof2
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QamMs No. Version
QMS-2.03 3.0

Control of Equipment

Purpose The pumpose of this document is to provide requirements to control,
maintenance and calibration of equipment to ensure:

+ Suitable identification and recording of equipment.
» Suitable maintenance for sustainable process capability.

« Sufficient precision and accuracy of measuring equipment.

Scope This document is applicable to all Production, SCO, Pilot Plant and Laboratory
equipment,
Definitions Types of equipment are defined:
Type Definition

Equipment | Process equipment and utilities

Measuring | Measuring instrument, sofiware, measurement standard,
Equipment | reference material or auxiliary apparatus used for
measuring and monitoring of process or product data.

Critical Process equipment where regular maintenance are
Equipment | necessary to ensure process capability and

+ Product quality
< Environmental impact
% Compliance with regulatory requirements,

Critical Measuring and moniforing devices used to demonstrate
Measuring | conformance to specified requirements for
Equipment

< Product quality
%+ Environmental impact

< Compliance with regulatory requirements.

This can be illustrated as follows:

Continued on next page

Prepared by Approved by Vaid e T page
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No. Version
QMS-2.03 3.0

Control of Equipment, continued

Definitions
{continued)

Equipment

Test of critical
equipment

Local procedures must be available to ensure that:
» Equipment is suitable for intended use.

NOTE: Production and Pilot plant equipment must be evaluated for
environmental impact.

» Equipment is categorised, including identification of critical equipment.

« A systematic maintenance schedule is established for critical equipment.

For new critical equipment in production and SCO, the manager must specify
the responsibility for (and will assume it himself if not described):

» Considering if a test of new equipment is necessary; and if a test is
necessary define extend of test, including compliance with GMP, OH&S and
other relevant requirements.

+ Conducting the test, if test is necessary.
» Approving the test and equipment being taken into use.
« Documenting the test if test has been made.

+ Establishing the necessary schemes for calibration and running/periodic
testing.

Continued cn next page

Prepared by

LPJ

Approved by Valid from Page
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QMSs No. Version

QMS-2.03 3.0
Control of Equipment, continued
Critical Local procedures for critical measuring equipment must be available to ensure:
Measuring » Registration of critical rin i t, including:
Equipment gistratio ical measuring equipment, including:
< Identification.
“ Measuring range.
% Accuracy and precision.
» Safe handling and storage of critical measuring equipment and protection of
the calibration.
» Establishment of a calibration schedule, including:
% Frequency of calibration.
<+ Traceability to International or National standards (where possible or
relevant) or establishing the basis for the calibration.
< Acceptance criteria for the calibration.
+ Disposition of out of calibration measuring equipment including
assessment of the validity of previous results.
% Documentation of calibration,
< Calibration status readily available to the user {e.g. by labslling).
Software in If critical measuring equipment includes computer software this must be tested
Critical prior to initial use or upon changes to confirm that the software can be used for
Measuring the intended purpose with satisfactory results.
Equipment
Revision Scope: SCO added. Paragraph on testing of critical equipment in production
and SCO added. Author changed from LBJO to LPJ
‘Prepared by Approved by Valid from Page
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Franklin County Planning & Inspections
215 E. Nash 5t.

. , F nklin Louisburg, NC 27549
§ ,4‘

Ounty Phone: 919.496.2909

NORTH CARGLINA Fax: 919.496.2637

A Research Triangle Region Community

www.franklincountync.us

August 25, 2009

Mr. Frank Franciosi
Composting Dept. Manager
Novozymes North America, Inc.
P. 0. Box 576 '
Franklinton, NC 27525-0576

RE: Request for Zoning Consistency Determination
Novozymes North America, Inc.
Franklin County Tax Parcel 1874-88-9840
Franklin County, North Carolina

Dear Mr. Franciosi:
The compost & mulch facility located at 445 Old Smith Farm Road is in
compliance with the Franklin County Unified Development Ordinance. The

property is located in the Light Industrial District.

If you have any questions, please do not hesitate to contact our office at
(919) 496-2909. '

Sincerely,

Doaro. Luaooke

Donna Wood
Senior Planner

“Equal Opportunity Employer”



State of North Carolina

Depariment of Environment Al l

and Natural Resources
Division of Water Quality

Michael F. Easley, Governor NCDENR
William G. Ross Jr,, Secretary

" . NoETH CAROLINA DEPARTMENT OF
Alan W. Klimek, P.E., Director ENVIRONMENT AND MATURAL RESOURCES

] September 19, 2003
Mr. Frank Franciosi

Novozymes North America, Inc.
77 Perry Chapel Church Road
P.0. Box 576

Franklinton, NC 2752

Subject: Composting Facility's Stopmwater Permitting

Franklin County
Dear Mr. Franciosi: ‘

This letter is in response to your letter requesting direction {or your proposed composting facility's
stormwater permitling. A review of the provided materials shows that the drainage from the compost facilities
and detertion pond will be diffused through a level spreader. Since this type of discharge is designed to
produce sheet flow rather than a point source discharge it is not subject to stormwater permitting at this time,

——- If after the system is installed the tevel spreader does not work properly and does indeed produce a
channelized, point source, flow it will become subject to stormwater permitting regulations.

Not requiring a stormwater permit does not preclude the site from requiring any other water permits,
Leachate that will be draining from the windrows is considered a wastewater which may require permitting

~under the. nendischarge permif since there will be no point source discharge. For more. mformatmn about

obtaining a nondischarge permit contact Mr. Kim Colson at (919) 733-5083, exi. 540.

If you have any questions concerning this matter please contact me at

(919} 733-5083, ext. 578.

Sincerely,

2 A

. o
‘Aisha H, Lau
Envitonmental Engineer

"cc: Raleigh Regional Office

Stormwater and General Permits Unit
Central Files

TS 09 2003'!

1617 Mail Service Center, Rateigh, Norh Carolina 27699-1617 Telephone $19-733-5083  FAX 919-733-8219 An Equal
Opportunity Atfirmative Action Employer 50% recycled/ 1% post-consumer paper
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NCDENR
North Carolina Department of Environment and Natural Resources
Division of Water Quality

Michael F. Easley, Governor Williem G. Ross, Jr., Secretary
Alan W. Klimek, P.E., Director

Aquifer Protection Section
Tuly 22, 2004

CERTIFIED MAJL
RETURN RECEIPT REQUESTED

Steve Stadeiman, Ph.D.

Manager of Environmental Operations
Novozymes North America, Inc.

PO Box 576

Franklinton, NC 27525

Subject: Request from the Solid Waste Section Concerning Modification of Permit
Novozymes North America, Inc.
Wastewater Spray Irrigation
Permit No. WQ0002806
Franklin County
Incident Number:86545, Site Rank: 65B

Dear Mr. Stadeiman:

Novozymes North America, Inc. (Nove) has requested a modification to the above
referenced permit in order to instail a compost facility. The compost site overlies confirmed soil
and groundwater nitrate contamination which is currently being investigated by Novo as part of a
facihity-wide Comprehensive Site Investigation that is ongoing (pollution incident investigation
number referenced above).

As part of the compost facility approval process, the Solid Waste Section, Division of
Waste Management has requested a letter of approval from our office concerning the compost site
(Division Water Quality, Aquifer Protection Section, Raleigh Regional Office-DW(Q). This office
does not have the engineering expertise to approve of the construction plans for the facility,

B

1817 Mail Service Center, Raleigh, North Carolina 27699-1617 One
512 N. Salisbury St., Raleigh, North Carofina 27604 ;
Phone: 918-733-7015/ FAX 919-733-2496 / Internet; h2o.enr.state.nc.us N Orth Car Ohna

Naturally

An Equal Opportunity/Affirmative Action Employer — 50% Recycled10% Post Consumer Paper



Novozymes North America, Inc.
December 19, 2003
Page 2

however, the DWQ believes that the construction of the compost facility will not hinder the present
and futyre assessment and remediation of soil and groundwater under and adjacent to the facility.

The DWQ does request the installation of a pair of nested monitoring wells to investigate
shallow and deeper groundwater characteristics at the site. The wells should be located using the
North American 1983 Coordinate System at 848746N and 2178504 (approximately 530 feet north
and 140 feet west of monitoring well MW-37).

If you have questions, please do not hesitate to call Jim Roush or me at (919) 571-4700.

Sincerely,

Sy Do

S.T ;y Zimmerman, L.G.
Environmental Regional Supervisor
Raleigh Regional Office

cc:  Franklin County Health Department
Ted Lyon, Solid Waste Section, Division of Waste Management
File/IMR
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Novozymes North America Inc. (NZNA)
Compost Site Permit
Permit No. SWC-35-04
Novozymes Location on Aerial Photo




Vers. 4 - UPDATE 2004
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The Solvita® procedure is a widely recognized and easy-to-perform compost test that
results in a Maturity Index. The kit detects carbon-dioxide and ammonia levels which aid
interpreting maturity which by common definition means resistance to_further decomposi-
tion and absence of phytotoxic compouirwls.1

> THIS MANUAL UPDATES THE FOLLOWING PROTOCOLS:

+ MOISTURE: We have downgraded concern about testing overly wet compost as
Solvita results appear to be accurate to high levels of moisture.

* COLOR: We now recommend removing paddles from jar to read color.

« DENSITY: We have added a table to estimate packing density in the jar.

* AMMONIA: We have provided tables to estimate ammonia gas hazards.

The Solvita test can be used effectively for the following purposes:
1) To comply with state, governmental or trade standards that specify stability/ maturity.?

2) For evaluating compost conditions in order to make improvements to the process.

3) To determine suitable end-use prior to distribution and sale of compost products.

Obtaining Satisfactory Test Results

Composts are by nature heterogeneous in terms of ingredients, texture and bulk-density.
Therefore, great care should be exercised when obtaining, handling and preparing any
sample for testing. If proper and reasonable precautions are taken, there is no reason why
the test will not produce highly reliable results. A troubleshooting key is included as
Appendix to help understand when results appear to be unusual.

1. S8EE Wang, P, C.M. Changa, M.E. Watson, W.A. Dick, Y. Chen, H.A.J. Hoitink (2004) Maturity indices for
compeosted dairy and pig manures. Soil Biology & Biochemistry. Elsevier. 36: 767-776 (see www.woodscend.org)
2. Solvita is TMECC Test #035-0815 {(US Composting Council, Compost Test Methods Manual, 2002). Solvita
may be used to fulfill 2 of 3 requirements for the California Maturity Index (a C:N test is also required).

#* Solvita is approved or required in the following states and regions: CA, CT, ID, 1L, KS, OH, MA. ME, MN,
NI, NM, TX, WA, In Europe Sclvita is recognized in: DK, S, N, UK, IT. Also listed for EU Eco-Label.

Solvita® is a trademark of Woods End Research Labotatory, Inc.
Protected by onc or more of the following patents: 5,320,807 - 6.391,262 - 6.780,646 and DE4416387A1

Copyright © 1999-2004 Woods End Research Laboratory, Inc.- PO Box 297 — Mt Vernon ME 04352
Technical support line 207-293-2457 Fax 293-2488 / Sales 800-451-0337 www.solvila.com
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INSTRU

' Detailed sampling instructions
re available at:

W www.woodsend.org SAMPLE PREPARATION

1. OBTAIN SAMPLE: Make a composite sample by mixing
several sub-samples representing the compost to be tested.

2. SCREENING: Remove or screen-out wood chips and large frag-
ments before testing. A 3/g” (10mm) sieve is customary.

3. CHECK MOISTURE: Compost should only be tested when at
ideal moisture for proper composting. Compost that is too dry
may have suppressed respiration and therefore may give a false
positive for maturity. Try the squeeze test!.

4. LOAD COMPOST: Fill the Solvita jar to the indicated fill line.
Samples are meant to be tested at field volume density. When
compost is disturbed the porosity may increase. To get the
proper density it is useful to sharply tap the jar while observing
the fill line. Optionally, the proper weight in grams per jar of
suitably moistened compost corresponding to actual field density
is found in the table at the left.

600 300 30
800 400 40

5. EQUILIBRATION STEP: Let the sample “air-out” in the jar for
one-hour prior to starting the test. If the sample was taken

1,000 | 500 50 directly from a very hot or frozen pile, or if it needed remoisten-

1.200 | 600 60 ing after being too dry, then let it sit in the test jar overnight with

. the lid open before starting the test. This improves the reliability

of the respiration reading.

6. START TEST: The Solvita test is two tests in one, carried out in
the same 4-hour period. Open the individual pouches marked
“Compost CO,” or “Ammonia” and carefully remove each paddie.
The gel in the paddles is color-coded: the carbon-dioxide paddle
is purple and the ammonia paddie is yellow. Do not touch the
special gel surface, and don’t allow compost to touch it. Once the
gelpack is opened, the test should be started within 30-minutes
as it will start absorbing gases from the atmosphere.

7. INSERT PADDLES: Both paddles are pushed into the sample in
the jar according to the cue marks on the jar, and may be
observed through the clear back panel. The edges of the paddles
can be touching in the middle at about right angles. Push the
paddle tips all the way into the compost to the bottom of the jar.
Do not jostle or tip the jar which may coat the gel paddles!

1. Squeeze test: make a fistful of compost. Squeeze very hard. Moisture should appear
between fingers but not drip out if compost is at the proper moisture content.

Page 2 Vers. 4.0 - 08/04



RUNNING THE SOLVITA TEST

8. SCREW THE LID TIGHT, and keep the jar at room tempera-
ture (68—77°F or 20—25°C) out of direct sunlight for 4 hours.

9. READ THE GEL COLOR. At the correct time (4 hours) after
the jar has been sealed, remove the paddles one at a time
from the jar and hold next to the correct color chart. Compare
the gel color to the numbered color scales, finding the closest
match (half shades of color may also be read). Read within 5-
minutes after removing from the jar. Color matching is best
under fluorescent room light. Mark the results on the lid label
on the jar.

10. FILL IN THE VALIDATION FORM: Provided in the kit is a
removable lid label to aid in the documentation of the results
from Solvita testing. A pre-punched monitoring sheet is pro-
vided along with the test kit. The Solvita lid label may be
peeled off the jar after the test and affixed to the monitoring
sheet and stored in a binder to document the test,

Initlaly

Sample 1O

Ruad Tima

SmartTime

COxRasult #
MH;: Rasube i

Temperatues .

11. FIND THE MATURITY INDEX: Using both paddle numbers

from the color chart, read the table below to find the intersec-
For propar dacumentation, tion of the CO, and Ammonia values. See also Tables 2-3-4 to
record the results on the

removable Solvita jar labels separately estimate ammonia content and ammonia hazards.
and affix to the log sheet.

Table 1. Compost Maturity Index Table?

use the Ammonium and CO2 paddle color numbers and read across and down to where the columns meet

Very Low NHj
LowNH;| 1 | 2 3 4 5 6 7 8
Medium NH, 1 1 2 3 4 5 6 7
High NH; 1 ] 1 1 2 3 | 4 5 6
Very High NH; 3 4

Page 3 Vers. 4.0 - 08/04



THE STATE OF COMPOST

The Solvita test uses ammonia to partly compensate for the CO2 result which alone may not
provide enough information about maturity. The graph below shows how to use both Solvita
results together to deduce what the likely state of the compost is. Specific conditions may vary.

ettt

#

nia

N W 191
sk

<

@

7 NI AR R T TTIR
COo2# 1 2 3 4 5 6 7 8

Solvita Ammo

IF THE COMPOSTING PROCESS IS:
INDEX IS:
€)' TInactive, highly matured compost, very well aged, possibly
— over-aged, like soil; no limitations for usage
“FINISHED”
Well matured, aged compost, cured, COMPOST
few limitations for usage
Curing; aeration requirement reduced; compost ready for pil-
ing; reduced management requirements. Solvita 6 and above
is commonly recognized as suitable maturity for official uses. Curing
Compost 1s moving past the active phase of decomposition
and ready for curing; reduced need for intensive handling “ACTIVE”
COMPOST
Compost in medium or moderately active stage of decompo-
sition; needs on-going management
Active compost; fresh ingredients, still needs intensive over- VEI_'Y
sight and management Active
Very active, putrescible fresh compost; high-respiration rate;
needs very intensive aeration and/or turning
“RAW™
— Fresh, raw compost; typical of new mixes; extremely high COMPOST
rate of decomposition; putrescible or very odorous material
_
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BEST USE OF COMPOST BASED ON MATURITY INDEX

There IS an indirect relationship between compost maturity or stability and plant perfor-
mance’. Generally speaking, plants perform better the more mature a compost is, unless
other nutrient, salt or pH factors dominate. Solvita® Maturity Index can help identify the

general best-use category, by consulting the following Table. The table also shows typical
associations with other known soil amendments,

Material in

SOLVITA this class
MATURITY will be
similar to:

INDEX

soil & peat-
based mixes

soil mixes

compost-soil
blends

ofganic
fertilizers

un-treated
organic
fertilizers

Control Limit, CA, MA. L

dehydrated
manures

raw-wastc and
most manures

Contrel Limit: ID, WA, TX |

raw-waste &
SOMEC manures

Note: Factors that also determine how well a compost will perform include nutrients,
nitrogen-availability, pH, and salinity. See the web site www.solvita.com for up-to-date
information on other aspects of compost testing. The Solvita Ammonia Test may indicate
potential to damage crops based only on ammonia levels and oxygen deprivation of growing
media. Table 3 below helps estimate this potential. The actual damage depends on the rate
of compost usage, the density and moisture at the time of application.

1. Sce footnote #1, Page 1 Sec also: Changa et al (2003) Assessment of the Reliability of a Commercial Maturity
Test Kit tor Composted Manures. Compost Science & Utilization 11:125-143

“ Page 5 Vers. 4.0 - 08/04
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UNDERSTANDING AMMONIA CONTENT OF COMPOST

The Solvita® test kit separately determines volatile ammonia (NH3) which is a sign of instability
and potential phytotoxicity in compost. It is one cause of the characteristic odor in young com-
posts and especially in manures. It is also a source of significant N-loss during composting.
Ammonia results from protein and urea hydrolysis in presence of air and an elevated pH. If
ammonia is not taken into account, a CO,- respiration test alone over-estimates maturity.
Ammonia may indicate several traits: the compost may be high in nitrogen or low in C:N ratio; it
is immature, it is phytotoxic (i.e. capable to burn plants); and that a compost facility is noxious or
hazardous. Table 2 below suggests the potential toxicity based on the Solvita color.

Table 2. Potential Phytotoxicity And Noxiousness Associated with Ammonia Gas

i, 3 2 & .ih: iEAGHE I P RSN T w;
Potential Phytotoxicity is:  Very High High Medium Slight None

A BCEREA KD

Noxious Hazard Extreme Severe Moderate Slight None

There are two states of ammoniacal nitrogen in compost- the gas ammonia (NH3) and the ion
ammonium (NH,). The ratio of the two depends on the pH of the compost. As a gas, ammeonia can
be fairly noxious and potentially plant toxic. In contrast, the ammonium form is an odorless,
water soluble plant nutrient. Due to this dual nature of NH3 - NH,, where ammonia is usually
just a fraction of total-ammonium, an estimate of total ammonium can be made if the pH and
Solvita values are known. With a compost pH less than 8.0, there is usually little or no ammonia
gas present. With a pH over 8.0, however, ammonia increases exponentially with each small rise
in pH. The following table may be used to estimate the total ammonium-N (NHg + NH,) content
based on Solvita and pH. For quantitative results, lab tests are required.

| éﬂmpt;;it PH <s0 o R A mup to | u to ’mless' than
n/a (unlikely value) 7,000 5,000 1,000

>8.0 up to up to up to up to less than

30,000 10,000 5,000 3,000 1,000

Table 4. Compost Status Based on Ammonium-N and Selvita NH; Values

Scolvita NH3 Level

Compost Condition Very Active  Med. Active  Curing Mature

Composts that persist in Solvita ammonia values of 1-2-3 for lengthy periods) should be investi-
gated for pH issues and low C:N ratio (too much nitrogen!). However, if the nitrogen is very low
(i.e. high C:N ratio), then Solvita ammonia may be low even if the compost is not mature, O

“ Page 6 Vers. 4.0 - 08/04
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Table Appendix. Compost Maturity Troubleshooting Guideline

F s B

£ R A

Compost is young
but test results indicate
“mature”

Compost may be very low in
organic matter and have low
overall respiration

Compost may be inhibited by low
or high pH; very dry or very hot
prior conditions; check Solvita
ammonia test

Check organic content; add
more organic-rich ingredi-
ents; check self-heating

Check pH and VOA level;
correct moisture; test again
1-2 days later

Compost is old but
Solvita results indicate
“active” and/or high
ammonia levels

Compost may have composted
improperly and not advanced sig-
nificantly, e.g. it is too wet or too
dry, too compacted, poor mix of
ingredients, not enough air

Turn pile, loosen matenal,
add moisture or “green”
materials if needed; if high
in ammonia select for field
rather than seedling use

Compost has given the
same Solvita colors on
several tests at 1-2
weeks apart

Compost is not progressing prop-
erly— it may be too dry or too
compacted, not well mixed; C:N or
pH is too high or too low

If pile looks woody add
green matter; add moisture
if too dry; loosen if too
dense

Different parts of the
pile give different
Solvita colors

Pockets of poorly mixed or poorly
aerated material exist

Re-mix entire pile and re-
sample and test again

Core is always #1 or #2
on Maturity Scale

Core is anaerobic and/or is not
composting properly

Provide coarse structural
materials, mix pile or add
air; pile may be too large

Solvita colors indicate
very “mature” but
plants were hurt by

Compost contains high levels of
salts, VOA or pH is too low

Check pH and conductivity
before use; allow to com-
post more; allow to mature

compost in soil before planting
Color doesn’t match Package may have leaked air prior  Discard paddle and request
the color chart to the test or is defective replacement product
Unexpected CO; vs. unusual or extreme conditions See table 2

ammonia paddle results  persist; check paddle quality

Copyright © 1999-2004 Woods End Research Laboratory, Ine.- PO Box 297 — Mt Vernon ME 04352
Technical support line 207-293-2457 Fax 293-2488 / Sales 800-451-0337 www.solvila.com
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CLUES TO UNDERSTANDING COMPOST MATURITY

Compost maturity is commonly characterized as a state of compost that is conducive to
good plant performance. Stability on the other hand is often defined as a rate of change
with regard to a measured trait (e.g. heat, respiration-rate). Both terms- maturity and

stability- are clearly interrelated and Solvita measures both conditions.

The relationship of compost maturity to plant growth, however, is not direct. There is
no single property of finished compost that alone predicts plant growth. A compost may
be mature but not viable for plant growth, and under some circumstances it may be
immature yet produce good plants. The reasons for these varying qualities are factors
such as pH, salt content or availability of nutrients, which may “confound” the direct
relation of maturity to plant growth. Therefore, maturity in the Solvita sense is inter-
preted as being indirectly useful for plant growth by association with common traits we
associate with finished compost: low respiration and absence of free ammonia. These
aspects are commonly recognized by practising horticulturists and growers.

A significant trait of immature compost that does directly and negatively affect plant
growth is depletion of oxygen in and around the roots!. Oxygen content relates directly
to respiration rate measured by the Solvita CO,- test. When compost is used heavily in
containers, garden beds and potting trays, the respiration may produce symptoms typ-
ical of air starvation. Another trait of immature compost that acts directly as a toxicant
is ammonia gas, which may burn plants and damage roots when present in appreciable
amounts. This trait, however, is often remedied by blending compost with a lower pH
soil or peat, whereby the gas (NHg) is rendered to water soluble (NH,4) form, and is sig-
nificantly less harmful. Therefore, the Solvita NH3 test provides a potential indication
of harm, while also suggesting that noxious conditions exist directly in the compost.

Finally, properties of compost that are measured by Solvita may be interpreted to
improve understanding of the process of composting, regardless of the use for plants.
CO4 respiration rate should decline significantly during composting as indicated by
Solvita, and if it does not it may be a sign of poor and improper composting conditions.
Also, ammonia is often high in early stages of composting and should normally decline,
particularly in the late cure phase of composting when NH3 should be converted by
microbes to the plant nutrient nitrate form. High ammonia vapors are certainly noxious
and are a health hazard. Therefore, the Solvita tests should also be thought of as
expressing qualities and traits of compost that have intrinsic meaning for the process
and for workers involved in it. O

QUALITY CONTROL & STORAGE OF SOLVITA KITS

Solvita kits are packaged to insure highest quality prior to shipping. The gel-paddles
should be the “Control Color” when the foil pack is opened (see color chart). If the foil
packs have been damaged or the jar is cracked then the test may not work properly.
The kits may be used for up to one year from date of purchase. Shelf-life is extended by
refrigeration. Do not allow to freeze.

1. Brinton, W und E. Evans (2002) Plant Performance in Relation (o Oxygen Depletion in Container Media
of Varying Maturity. in Microbiology of Composting, Ed. Insam, Riddech. K)ammer. Springer Press. New
York, Paris, Berlin. (Chapter reprint available on the Woods End website: www.woodsend.org).

“ Page 8 Vers. 4.0 - 08/04
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STA CHAIN OF CUSTODY INFORMATION

1. Reporting Instructions

1.1 Chain of custody forms and procedures are to be used with all USCC Seal of Testing Assurance
(STA), environmental and regulatory samples. A chain of custody form is used to track sample handling
from time of collection through laboratory analysis, and data reporting.

1.2 STA information for the chain-of-custody record includes, at a minimum:
1.2.1 Place and address of collection;

1.2.2 Name or customer ID of the sample;

1.2.3 Name of person(s) collecting the sample(s);

1.2.4 Signature of collector;

1.2.5 Sample type, (e.g., as described in TMECC 02.01 paragraph 9.3: point; composite; stratified; or
interval);

1.2.6 Client sample identifier and special instructions such as requested preprocessing (e.g., sub-
sampling, compositing, sieving);

1.2.7 Rank Feedstock Contents in Descending Order (optional). 1In the space provided beside each
feedstock type, indicate the relative amount of feedstock which makes up the material represented by the
submitted sample;

1.2.8 Date and time of collection;
1.2.9 Sample matrix, {e.d., compost, feedstock, muich, etc.);

1.2.10 Composting operation type, {€.g., windrow, static pile, in-vessel, etc. Refer to TMECC Fig 02.01-
A3 for additiona! examples of composting technologies);

1.2.11 Shipping temperature, (e.g., ambient, chilled with wet ice, or frozen with dry ice);

1.2.12 Requested analyses. Refer to the laboratory sample submittal form provided by your STA
Laboratory for optional tests in addition to the minimum requirements for STA and/or State DOT samples.
USE SPACES “"A”, “B" and “C" TO SPECIFY THE REQUIRED LABORATORY PROTOCALS FOR REGULATED
COMPOST MATERIAL. IT IS THE RESPONSIBILITY OF THE PARTY SUBMITTING THE SAMPLE TO
INFORM THE STA LABORATORY OF SPECIFIC REGULATORY TESTING REQUIREMENTS;

1.2.13 Specific Feedstock and Operational Detail {optiona!). Use this space to more accurately describe
feedstock types used and specific composting operation detail, (e.g., if manure is used as feedstock,
indicate the specific type of manure: horse, feeder cattle, poultry litter, liquid swine, etc);

1.2.14 Signatures of the persons involved in the chain of possession.
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What is it?

Dear fr iend of compostmg and the environment:

The question posed above may, at first glance, appear to be a bit silly. However if

you really think about making compost, specifying compost or purchasing compost, don’t you
want to have more information than just the generic word “compost”? No one walks info a
supermarket and buys a box of “cereal”, or purchases a bag of “fertiltzer” from the garden
center. They seek out those products that provide them with a product description, a specific
list of ingredients or contents AND instructions on how 1o use the product, where appropriate.
Isn't this how every consumer product in this country is packaged and sold? Isn’t this the way
all commercial producis are purchased too? Shouldin't these same comnion sense standards
apply to compost producis?

The information contained in this packet expluins the details of the United Slates
Composting Council's (*USCC") Seal of Testing Assurance (“STA”) program. The USCC's
goal is to have all composters participate in this progrant AND to have compost specifiers,
regulators and users accept ONLY STA compast for their specific projects. It is our belief
that this program is of immense benefit to both composters and compost users. These reasons
will fiopefully become clear after reading this letter and the enclosed information.

What is STA compost?

Every product that is purchased by consumers today both commercially and in their home, EVERY PRODUCT,
from breakfast cereal fo garden fertilizer comes furnished with basic product information that includes what is in the
product and how to use it. We have come to accept and EXPECT this as the norm when making o purchase of any
kind. STA certified compost comes furnished with this type of information.

What isn’t STA compost?

STA compost is NOT a compost specification, per say. It is a testing and information disclosure
program. There are many different types of compost, produced from a variety of different organic feed-
stocks. These products look different and may perform ditferently in various applications and conditions. Keep
in mind, that they all may be perfectly acceptable compost products if used correctly. Correct compost
— usage, however, is o function of having the appropriate product information. The consumer has a RIGHT and
the composter has an OBLIGATION to make this information available prior to purchase.
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Seal of Testing
Assurance

Why shld cmposters participate in the STA program and why
shnuld consumers demand it?

mofes customer-oriented mposters — assiss composters who are rigorousfy testing their compost prodlucts
and providing end-use informition fo their customers fo differentiate themselves from composters who are nof

» Réduces the chance of additional regulation - reduces the irend of state/national organizations towards the
creation of additional compost regulation. This keeps operational and distribution costs dawn!

» Provides a competitive advantage over non-5TA compost products — STA compost will become the norm
as more and more composters parficipate in the program. What product would you specify or purchase given the choice?

» Becomes an internal qudlity control program for composters - allowing the composter to markef their
product and end users to purchase and that product with confidence

» Standardizes luboratory test methods used to evaluate compost products - allows composters,
regulators, researchers and compost buyers/specifiers fo better compare products being produced throughout the country

Compost customers and specifiers, compost facility operators and regulators, and your plants and soil
will all benefit from this program - a great advantage over non-STA certified facilities.

The additional information enclosed with this cover letter: includes all of the specific -
technical requirements of the STA-program. Please read through this cr,rre,fufb/ and feel free to contact
Al Rattie at 215-258-5259 (Turflife@aol.com) or Ron Alexander at 919-367-8350
{alexassoc@earthlink. net) if you have any questions or require additional mfommtmu

— The STA program makes sense for the composting mdustry, the compost customer and the
environment. We hope that yow'll Lmbrqc_e it, promote it and pariicipate in ii!
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Compost Testing Frequency Table

The initial frequency of testing required by Participants is based on the
volume of compost produced annually, per facility. See STA Sample
Collection Protocol & STA Chain of Custody Forms below

Compost Quantity*kx ko kokskokdokok kol Kook kol ok kKR kX Fraquency
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Seal of Testing Assurance Program

IF IT ISN'T STA COMPOST
WHAT IS IT?

Dear friend of composting and the environment:

The question posed above may, at first glance, appear to be a bit silly.
However, if you really think about making compost, specifying compost
or purchasing compost, dont you want to have more information than
just the generic word “compost”? No one walks into a supermarket and
buys a box of "cereal”, or purchases a bag of “fertilizer” from the
garden center. They seek out those products that provide them with a
product description, a specific list of ingredients or contents AND
instructions on how to use the product, where appropriate. Isn‘t this
how every consumer product in this country is packaged and sold? Isn’t
this the way all commercial products are purchased too? Shouldn't
these same common sense standards apply to compost products?

The information contained in this packet explains the details of the
United States Composting Council’s ("USCC”) Seal of Testing Assurance
("STA”) program. The USCC’s goal is to have all composters participate
in this program AND to have compost specifiers, regulators and users
accept ONLY STA compost for their specific projects. It is our belief that
this program is of immense benefit to both composters and compost
users. These reasons will hopefully become clear after reading this
letter and the enclosed information.

How does.,t.h.e...ST.A._p_r.Qg_r_am,_.V\Lqr!s?

1. Compost producers regularly sample and test product, using STA
Program approved labs, for chemical, physical and biologicai properties.
All of these labs must use the same standardized testing
methodologies.

2. Testing frequency is based on the production facilities volume and
can be as frequent as monthly for the largest producers, to quarterly
for the smaller composter.

3. The laboratory data will be made available to both the USCC (STA
program management staff) and the compost producer (who, in turn,
will provide it to compost specifiers and customers). Again, the only
STA program “standards” placed on the compost products are that they
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be properly tested — we do not place numerical standards on the actual
test results (outside of our health/safety standards, and any applicable
state and federal regulations).

4. Compost use directions will be made available to all compost
customers by the STA Program participant. These will be included in
the STA “Compost Technical Data Sheet” along with the laboratory
analysis and the product ingredients. This standard label allows end
users and specifiers to compare compost products and make an
informed purchasing decision.

5. The USCC will, upon receipt of the laboratory test data, fees and
other required program information, certify the program participant’s
compost as “STA certified compost” and permit the use of the STA logo
on all literature and bagged product.

Getting Started

THE STA PROGRAM BROCHURE

THE STA GETTING STARTED CHECKLIST

If you need more information Please contact a program manager.

© 2002 US Composting Council
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EVALUATING COMPOST QUALITY

What do the test results mean?

Since growing conditions and plant requirements vary, compost users
can benefit from information that accurately characterizes the compost
products they use. This data can improve the utilization of compost in
ways to best meet particular needs and to fit a specific situation. The
specific characteristics of a compost product determines how, and in

- which applications it can be best utilized. Characterization data helps

the compost user obtain product that is appropriate for use with their
project or application.

Pertinent Compost Characteristics
pH pH is the measure of acidity (or atkalinity), or hydrogen ion activity
of a soil or compost (on a logarithmic scale). The pH scale ranges from
0 to 14, with a pH of 7 indicating neutrality. A pH change of 1 unit
means a 10-fold increase or decrease of acidity. Most composts have a
pH of between 6 and 8. Each specific plant species requires a specific
pH range. Based on the amount of compost applied, as well as it's pH,
its addition can affect the pH of the soil or growing media. Therefore, to
estimate the effect, which in turn will affect maintenance practices or
system management, pH is a necessary parameter of which to be
aware. Soil pH is often adjusted through the utilization of materials
such as lime (to raise pH) and sulfur {to lower pH). When liming agents
are used in the production of the compost product you use, or are
present in the source materials of the compost, it may be more or less
appropriate for your specific application (please confer with your
compost supplier).

SOLUBLE SALTS (Conductivity) Soluble salts refers to the amount of
soluble ions in a solution of compost and water. The concentration of
soluble ions is typically estimated by determining the solution's ability
to carry an electrical current, i.e., electrical conductivity. The units of
measure for soluble salts are either mmhos/cm or dS/m (they are 1:1
equivalent). Plant essential nutrients are actually supplied to plants in a
salt form. White some specific soluble salts, (e.g., sodium, chloride),
may be more detrimental to plants, most composts do not contain
sufficient levels of these salts to be a concern in landscape applications.
Plant species have a salinity tolerance rating and maximum tolerabie
quantities are known. Excess soluble salts can cause phytotoxicity to
plants. Compost may contribute to, or dilute, the cumulative soluble
salts content of a growing media or soil. Reduction in soluble salts
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content can be achieved through thorough watering at the time of
planting. Most composts have a soluble sait conductivity of 1.0 to 10.0
dS/m, whereas typical conductivity values in soil range from 0 to 1.5 in
most areas of the country.

NUTRIENT CONTENT (N-P-K) Nitrogen (N), Phosphorus (P, usually
expressed as P205), and Potassium (K, usually expressed as K20) are
the three nutrients utilized by plants in the greatest quantities, and
therefore, are the nutrients most often contained in commercial and
retail fertilizers. When purchased in bags of fertilizer, these three
nutrients are measured and expressed on a dry weight basis, in the
form of a percentage (%). In compost, nutrient content may be
expressed on a dry, or wet weight (as received) basis. Knowing the
content of these nutrients will help you make correct decisions
regarding the addition of supplemental fertilization. Although
concentrations of nutrients found in compost are typically not high, in
comparison to most fertilizer products, compost is usually applied at
much greater rates, and therefore, can represent a significant
cumulative quantity. The nutrient content of compost products vary
widely; however, biosolids and animal manure based composts
typically contain more total nutrition. The use of certain composts may
reduce or eliminate the necessity to fertilize certain plants during the
first 6 —12 months following its application. In general, nutrients found
in compost are in an 'organic' form thus released slowly as the compost
decomposes. Aside from N, P and K, Calcium (Ca) and Magnesium (Mg)
are also monitored in STA Program testing. The content of these
nutrients are reported in the STA Compost Technical Data Sheet on
both a dry weight basis (just like fertilizers), and on 'as received' or
'wet weight' basis (because composts contain a much higher amount of
moisture, than do fertilizers).

ORGANIC MATTER Organic matter content is the measure of carbon-
based materials in compost. Organic matter content is typically
expressed as a percentage of dry weight. Organic matter in an
important ingredient in all soils and plays an important role in soi!
structure, nutrient availability, and water holding capacity. Being aware
of a product's organic matter content is useful for estimating the age
and physical properties of the compost. It may also be necessary for
determining compost application rates on certain applications, such as
turf establishment and agricultural crop production. In these
applications, standard agricultural soil test kits are often used to
determine recommended application rates of organic matter. However,
these application rates are specified as the quantity of organic matter
needed on a per acre basis. Therefore, the organic matter content of
the compost must be known in order to convert the suggested
application rate into a usable form (tons/acre). There is no ideal



organic matter content for compost, and it may vary widely, ranging
from 30 to 70%.

MOISTURE PERCENT Moisture percent (content) is the measure of
the quantity of water present in a compost product; expressed as a
percentage of total weight. The moisture content of compost affects its
bulk density (weight per unit volume) and, therefore, affects handling
and transportation. Overly dry compost (35% moisture, or below) can
be dusty and irritating to work with, while very wet compost (55 to
60%) can become heavy and clumpy, making its application more
difficult and delivery more expensive. A preferred moisture percent for
finished compost is 40 -50%.

PARTICLE SIZE The way in which compost particle size is measured,
and expressed, is typically based on the product's end use. For most
applications, merely specifying the product's maximum particle size, or
the screen size through which it passes, is sufficient. However, for
certain applications, such as golf 'greens' mix or potting media
production, a complete particle size distribution may be required.
Particle size distribution measures the amount of compost meeting a
specific particle size range, by using a series of sieves (screens) to
capture compost particles of specific size. A compost product's particle
size may also determine its usability in specific applications. For
example, a compost product with a maximum particle size of 1/2 inch
or greater may not be acceptable as a turf top-dressing, whereas a
product with a maximum particle size of 1/4 to 3/8 inch or less could
be acceptable. Most composts that are used as soil amendments are
screened through a 3/8 or 1/2 inch screen.

MATURITY (BIOASSAY) Maturity is the degree or level of
completeness of composting. Maturity is not described by a single
property and therefore, maturity is best assessed by measuring two or
more compost characteristics. Some immature composts may contain
high amounts of free ammonia, certain organic acids or other water-
soluble compounds which can limit seed germination and root
development, or cause odor. All uses of compost require a mature
product free of these potentially phytotoxic components. The bioassay
used in the STA Program uses a seed germination and growth test to
measure the percent of seed emergence and relative seedling vigor.

STABILITY (RESPIROMETRY) Stability refers to a specific stage or
state of organic matter decompaosition during composting, which is
related to the type of organic compounds remaining and the resultant
biological activity in the material. The stability of a given compost is
important in determining the potential impact of the material on
nitrogen availability in soil or growth media, and maintaining consistent



volume and porosity in contalner growth media. Most uses of compost
require a stable to very stable product that will prevent nutrient tie up
and maintain or enhance oxygen availability in soil or growth media.

INERTS Man-made inerts consist of materials created by humans and
may be a part of the waste stream. These include: textiles, glass,
plastic, and metal objects. When put into the composting process,
these materials are not decomposed but may be degraded to some
extent in physical characteristics, primarily through size reduction.
These materials can decrease the value of the finished compost product
because they offer no benefit to the compost and, in many cases, are
aesthetically offensive. A common means of controlling man-made
inerts is to minimize their entry into the waste stream being
composted. Control is also accomplished through separation at the
source during feedstock recovery at the composting facility, or during
product refinement, {(e.g., screening, ballistic separation). Other 'non'
man-made inerts, such as stones, rocks, twigs, may also be found in
compost and are considered to be aesthetically offensive.

TRACE METALS Trace metals are elements whose concentrations are
regulated due to the potential for toxicity to humans, animals, or
plants. Regulations governing the heavy metal content of composts
derived from certain feedstocks have been promulgated on both the
State and Federal levels. Similar limits have even been developed for
fertilizers and certain other horticultural and agricultural products.
Specific trace elements, often referred to as heavy metals include
arsenic, cadmium, chromium, copper, lead, mercury, molybdenum
nickel, selenium, and zinc. The quantity of these elements are
measured on a dry weight basis and expressed as mg/kg (milligram per
kilogram) or ppm (parts per million). Many of these elements are
actually needed by plants for normal growth, afthough in limited
quantities. Therefore, measuring the concentration of these elements,
as well as other plant nutrients, can provide valuable management data
relevant to the fertilizer requirements of plants and subsequent
fertilizer application rates. Certain heavy metals and trace elements are
also known to cause phytotoxic effects in plants (when avaitable in very
high quantities), and specific plant species are known to be more
sensitive than others. These elements include boron, manganese,
molybdenum, nickel, and selenium. However, these elements are not
typically found in compost in detrimental quantities. All composts that
contain regulated feedstocks must meet national and/or state safety
standards in order to be marketed.

WEED SEED AND PATHOGENS Pathogens are disease causing
organisms including, bacteria, viruses, fungi, helminths, and protozoa
which may be present in raw wastes or by-products. Both plant and



human pathogens are found in living organisms and are present at
some background levels in the environment. Therefore, the composting
process must eliminate or reduce pathogens to a level that is below the
threshold where the danger of transmitting diseases will occur. Weed
seeds and pathogens are inactivated or destroyed by elevated
temperatures over a period of time within the composting process. The
time-temperature relationship used as the Process to Further Reduce
Pathogens effectively destroys weed seeds and pathogens in compost.
The time-temperature requirement ensures plant and human pathogen
destruction in compost, and is considered an effective means to
determine that compost is relatively weed free.

For additional information, or numerical test analysis data regarding

any of these compost characteristics, ask your Seal of Testing
Assurance compost supplier :

Download the STA Sample Collection Protocol & STA Chain of Custody
Form

STA COMPOST PRODUCERS

STA COMPOST PRODUCERS - LISTED BY STATE

© 2002 US Composting Council
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Introduction
0106 Manual Content

01.01 TMECC MANUAL CONTENT

01.01-A

1. Compost Quality Verification

1.1 Test Methads for the Examination of Composting
and Composi—TMECC provides detailed protocols for
the composting industry to verify the physical,
chemical, and biological condition of composting
feedstocks, material in process and compost products at
the point of sale. Material testing is needed to verify

01.01-B

2. Manual Development

2.1 Test Methods for the Examination of Composting
and Composti—TMECC is a laboratory manual
modeled after American Society for Testing and
Materials (ASTM). TMECC provides benchmark

methods for compost analysis to enable comparison of

analytical results. Each parameter is presented in ils
own section and generally includes more than one
protocol or test method. The manual contains more
parameters than might be of concern or interest for a
particular situation.

2.2 The Standards and Practices, and Market
Development Commiftees of the US Composting
Council developed a list of pertinent compost product
attributes, Some compost parameters are regulated for
the protection of public health, safety, and the
environment, while others are product performance

PURPOSE

product satety and market claims. TMECC provides
protocols to sample, monitor, and analyze materials at
all stages of the composting process, ie., prior to,
during and after composting to help maintain process
control, verify product attributes, assure worker safety,
and to aveid degradation of the environment in and
around the composting facility.

FOREWORD

attributes that are important for managing specific
applications. Other test parameters and their methods
are of academic interest for research applications.

2.2.1 Detailed instruction is presented for sample
collection, preparation, analysis and reporting to
address all phases of composting, feedstock evaluation,
the composting process, and final compost product
characterization,

2.2.2 Sections are grouped into chaplers that cover
sampling and sample preparation (02); physical
propetties (03); inorganic chemical propertics (04);
organic and biological properties (05); organic
contaminants (06); and pathogens (07).

2.2.3 Each section includes a brief description of the

parameter’s function in the composting process, for
safety of the product, or in product performance.

01.01-C REFERENCED METHODS

3. List of Sources

3.1 Testing procedures included in TMECC were
adapted for compost analysis and are based upon, or
developed from the following reference sources:

Analytic procedures used in US EPA Report SW-846, Test
Methods for Evalualing Solid Waste, 3rd Edition,
November 1990, as revised,

Association of Official Analytical Chemists (AOAC)
Official Methods of Analysis, 1990, 15th edition.

Test Methods for the Examination of Composting and Compost

Methods of Soil Analysis, Parts [, Il and III. Seil Science
Society of America. 1996
.North Central Regional (NCR) Publication No, 221
(Revised), Recommended Chemical Soil Test
Procedures for the North Central Region Bulletin No.
499 (Revised) October 1988 “Recommended Test
Procedures for Greenhouse Growth Media”.

Standard Methods for the Examination of Water and
Wastewater, 18th Edition, 1992,

The American Sociely for Testing and Materials (ASTM)
Standard Test Methods, 1988,

August 12,2001
01,00-1
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The Composting Process 01.02

01.02 THE COMPOSTING PROCESS

01.02-A KEY PROCESS VARIABLES

1. Management of Key Process Variables

1.1 Process control parameters include initial carbon

to nitrogen and carbon to phosphorus ratios, pile
structure and porosity, pile oxygen percent, pile
moisture percent, and pile temperature.  Process
management includes aggregate size distribution
{particle size), additives and amendments, biological
activation and microbial diversity, turning and mixing,
aeration, pH and pathogen and weed seed reduction.
Odor production must be minimized and in many cases
treated before discharge.  Odor management is
discussed in two parts, odor control and odor treatment.
The management of process control operating
parameters is presented in the Compast Facility
Operating Guide, US Composting Council, 1994 and in
Municipal-Scale  Composting: A decision Makers
Guide to Technology Selection - Composting for
Municipalities; Planning and Design Considerations,
Natural Resource, Agriculture, - and Engineering
Service, Cornell University, 1998 (Bulletin NRAES-
94),

1.2 Key Process Variables define conditions in the
pile for composting. The Key Process Variables must
be managed during the composting process to ensure
consislent marketable product in the shortest time see
Table 01.02-A1 Management of Key Process
Variables.

1.2.1 Pile Porosity is a measure of the space between
adjacent pariicles needed for circulation of air and a
film of moisture that surrounds particles,

1.2.2 Feedstock Nutrient Balance is the carbon to
nitrogen ratio [C:N] and initial carbon to phosphorus
ratio [C:P] needed for vigorous microbial activity and
complete degradation/stabilization.

1.2.3 Pile Oxygen Percent indicates the exchange of
carbon dioxide and other gasses generated through
microbial metabolic activity, An adequate supply of
oxygen promotes aerobic activity that minimizes odor
generation associated with anaerobic conditions.

1.2.4 Pile Moisture Percent is measured 10 ensure
that sufficient moisture is available within and around
each particle such that pores are not completely filled
with water (leading to anaerobic conditions) but
sufficient to create a moisture film around each particle
that supports microbial growth and enzymatic activity,
Pile moisture above 35% will aid in dust control.

1.2.5 Pile Temperature is a measure of heat
generation by catabolic activity of thermophilic
bacteria. A sustained pile temperature above 55°C kills
pathogens and most weed seeds. Eventually, after
significant degradation of the readily available organic
malter, pile temperatures decrease and a period (curing
stage) ensues during which mesophilic microbes
(actinomycetes, bacteria, and fungi) begin the slower
rate decomposition of the less readily available energy
sources (hemicellulose, cellulose, lignocellulose and
lignin) . '

1.2.6 Refention Time under wvarious temperature
regimes ensures full stabilization of feedstocks, and full
degradation of organic phytotoxins that form during the
early stages of composting and during the initial stages
of curing.

Table 01.02-A1 Management of Key Process Variables,

sTocK PROCESSING STEPS
KEY PROCESS [“:l:ﬁ:.cdk ‘I?‘.L?:i:mcl ‘gf.:’:isztucl ' é:f:\:;smlg ! f)rzng: -éf:r’:!:;sl ﬁ:ﬁx:;n .é:ﬂ;;st
YARIABLES and Recovery Preparation | ! Treament | Curing Screening Storing and
Delivercd ! ! and Refining | Packaging
PilePorosiy N v Vv R AT A A A DA
FFeedstock Nutrient Balance v v w _ ; - I R A
Pile Oxygen Percent R t v A A T N A
Pile Moisture Percent i ¥ A ool
Pile Temperature | - i Y o N b
Retention Time | v v v | v
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2. Product Attribute Check-List

2.1 A check list of product attributes, feedstock
choices, and process sieps where compost producers
can intervene to manage and control product attributes
is presented in Table 01,02-A2 Management of Product
Attribute Development.

Introduction
1.02 The Composting Process

2.2 An appropriate sampling and testing plan must be

designed specifically for each process step and each
finished product. Refer to TMECC 62.0] Sample
Collection and Preparation for guidance,

Tabie 01.02-A2 Management of Product Attribute Development.

MANAGEMENT OF PRODUCT ATTRIBUTE BEVELOPMENT
Feed-Stotk rotessing
PRODUCT T , - e S :
vedstock | Step 12 Step 2: Step 3; Step 4 {8rep 5: Step 6: Step 7
ATTRIBUTES Colkeeted Fecdstock  |Fevdstock | Composting |Odor | Compost Compost Compost
and Recovery | Propartion Treatment  ; Curing Sevecning | Storing and
Delivend i and Refining | Packaging
SAFETY REQUIREMENTS | )
...Regulated clements e R v d Y .4
Pathogens < ¥ v v
MARKET ATTRIBUTES ;
'3 i +
v 7 7 7 v
v v v M M
v 7 v v
v v v 2 v
v v v T 7
v v vt 7 7 e
v v v v Ty
LU SRR I e v Al R hd b
Plant nutrient content / v s ¥ v g

3. Process Steps and Test Method Selection

3.1 The composting process
characterized by Fig 01.02-Al
Model.

Materials Collected &[] | Ferdstock Rocovery
Delivered to Facility

2. Feedstock Peeparation

can be generally
Composting Process

3. Thermophilic
Composting

. Compast Sereening
and Refining

4. Odor Treatrent

7. Conapost Storing
and Refising

Finished Product

Fig 01,02-A1 Composting Process Model.

3.2 Processing steps 1, 3, 5, 6, and 7 increcase the
value of finished product. and require some investment
in equipment, time and labor. Parts of these steps may
include specific criteria to comply with operating
permit requiremenis, (c.g., pathogen treatment during
step 3 composting, and perhaps during step 5 compost
curing). The optional portions that can increase market
value should be undertaken only if the value added can
be covered by sales returns. The Composting Products
Model (Fig 01.02-A2) shows sources for products that

Test Methods for the Examination of Composting and Compost

may match customer and user needs without adding
unwanted and unnecessary value that will not be

compensated with product sales revenue,
Malerial Collected & Recyclable
Delivered 1o Facility Materials
4, Odor Treatment

L, Feedstack Recovery

2. Feedsiock Preparation

3. Thermophilic Raw Compost
Composting Organi¢ Products
+

5. Compost Curing Cured Compost

6. Compost Screening Screened Compost
Refined Compost

and Refining
4
7. Compost Storage her
and Packaging Finished Preducts

Fig 01,02-A2. Composting Products Modcl

3.3 Sampling and testing of feedstock and material
undergoing biological degradation is required to
provide the necessary data for process control.

3.4 Test methods were dcveloped to manage the
broad range of data needed by processors and
marketers.  Each test method is introduced with a
header; refer to Table 01.02-A3 Test Method Header.
The header shows the Test Method name and Units of
measurement and a <checklist of Test Method
Applicaiions either to the management of process unit
operations steps one through seven. and verification of

August 12, 2001
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General Introduction
The Composting Process (1.02

Product Attributes for compliance with safety standards

and market specifications.

Table 01.02-A3 Test Method Header.

Test Method: Parameter. Test Name Units:
Test Method Applications
Process Management Product Atlributes
Step I: Nwep 2: Srep 3: Swep 4: Step 5: Step 6: Sep 7: Satery Market
Feedstock Feedstock Composting Odor Treatment Compost Compost Compost Steattkarcy Attributes
Recovery Preparation Curing Serecaing and Sioring and
Refining Packaging

4. Process Management Discussion

4.1 Step [: Feedstock Recovery—Recovery of
feedstock is the separation of compostable material
from non-compostable material, hazardous waste, and
other contaminants that can impact compliance with
compost quality requirements. Recovery can occur at
varjous stages of the process, such as sorting by the
generator, collection at curbside, and delivery 1o a
central processing facility where final separation takes
place. For example:

4.1.1 Recovery of compostable feedstock {rom
leaves, brush and yard trimmings source-separated by
the generator commonly includes the following: (1)
accumulation in a separate container by the generator;
{2) curbside and other collection and delivery to a
central processing facility; (3) opening and removing
plastic bags, if present; and (4) removing non-
compostable and contaminant material that can
accompany leaves, brush and yard trimmings (c.g.,
lumber scraps, toys, garden hoses, used vehicle oil and
air filters, aerosol cans, bricks, concrete and rocks, and
plastic bags).

4.1.2 Recovery of compostable feedstock from
municipal solid waste is more complex. Two options
exist. Option one relies on generators to presert the
compostable and compost compatible material (based
on a list of acceplable materials provided to them) into
a container that is placed at curbside for collection.
Collection can be cither separate from other recyclable
and wasle material, or commingled with other wastc
and secondary resource material. Option two consists
of curbside colleciion of the generator’s accumulation
of material mixed to some degree {as specified) with
other houschold non-hazardous waste. Collection can
be either separate from other recyclable material, or
commingled. After delivery to a central processing
facility, material received from both options are
handled and processed in essentially the same manner,
because both include not less than 3 to 11% “mistakes”
that must be identified and removed from composting
feedstock material, “Mistakes™ can include recyclable
material and material that can potentially causc
compost quality problems.

4.1.3 Recovery includes: (1) collection and perhaps
segregation of presorted material al curbside by a

August 12, 2001
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malching segregation at the side of the collection
truck(s); (2) delivery to a central processing facility; (3)
recovery of marketable material for recycling, e.g., old
newsprint  and  corrugated cardboard, fetrous,
aluminum, glass, etc.; (4) perhaps recovery of refuse-
derived fuel; (5) separation of oversize material; (6)
removal of non-compostable materials, e.g., stones and
cigarette filter tips; (7) removal of other materials
potentially detrimental 1o compost quality; and (8}
recovery of compostable material. (Removal of some
non-compostable material can take place after
composting is complete, if the material being removed
does not cause chemical contamination that prevents
compliance with either regulatory or market quality
standards.)

4.1.4 Separation at a central facility is generally by a
combination of manual and mechanical methods, and is
shown on the schematic diagram as separation of
recyclables, refuse-derived fuel, and rejects disposal.

4,1.5 After recovery, the feedstock is ready to be
prepared for composting. For two compostable
feedstock sources, namely source-separated municipal
solid waste and mixed municipal solid waste, the
recovered feedstock is sometimes called mixed organic
material.

42 Step 2: Feedstock Preparation—The feedstock
prepatation step may include physical processing and
the addition of compost compatible materials which
imparoves composting  efliciency. Feedstock
preparation may include the following:

4.2.1 Addition of carbon, nitrogen and phosphorus
sources by mixing two or more feedstocks 1o establish a
desired ratio of carbon to nitrogen, and perhaps carbon
to phosphorus, to control odor generation, and to
achieve market requirements for product stability.

4,22 Adjusting initial  porosity to  satisly
requirements for frec airspace {to aid oxygen and gas
exchange) and water-holding capacity (moisture),
Reducing the patticle size through shredding or
tumbling increases surface arca, helps creates uniform
particle size, improves aeration (if particles aren't too
small), and reduces volume. An alternative is particle
size selection through screening. Adding a bulking
agent, such as wood chips, to increase porosity and aid

Test Methads for the Examination of Composting and Cempost



air flow through the composting mass is normally
necessary.

4,2.3 Adding water to the feedstock to adjust the
moisture level to a desirable range.

4.2.4 Adding a small volume of compost that is in its
peak heat thermophilic phase can ‘jump start’ the
process by providing a cross-section of biological
species for rapid colonization and biological activity.

4,2.5 Mixing to homogenize the feedstock, starter
compost, and other additives, to distribute water
uniformly, and to break down oversized particles of
feedstock.

4.3 Step 3: Composting—Composting is a natural
biological degradation process that is controlled and
accelerated at a composting facility, Composting is the
transformation of biologically decomposable material
through a controlled process of bicoxidation that results
in the release of carbon dioxide, water, and minerals,
and in the production of stabilized organic matter
(compost or humus) that is biclogically active.
Because the biological process of composting follows a
similar course regardless of the organic materials that
are present in the feedstock, the schematic diagram
{Fig. 01.02-A1) shows composling as a step common to
each feedstock and one that may include the following:

4.3.1 Aeration to maintain optimum conditions for
aerobic microbial activity, to supply oxygen, to buffer
pH and immobilize ammonium, to remove heal, to
remove carbon dioxide, to remove moisture. to strip
volatile compounds, and to avoid anacrobic conditions
and odor generation.

4,3.2 Temperature control to reduce pathogens to
background levels and destroy weed sceds, and to
maximize the rate of decomposition both during the
high temperature thermophilic phase and afterward
during the mesophilic phase.

4.3.3 Addition of make-up water to maintain
moisture content for aerobic conditions, and to
maximize organic decomposition.

4.3.4 Mechanical agitation or turning to thoroughly
mix make-up water uniformly throughout the
decomposing mass, to break up air channels and
clumps, to prevent {1y reproduction, and to produce a
uniform product.

4.4 Step 4: Odor Trearmeni—Process air is captured

and routed through a biofilter or other positive
treatment method. In a biofilter, operating conditions
must favor porosity, ample oxygen and moisture to
ensure conditions highly favorable to active microbial
populations thal are not associated with odot-causing
compounds such as hydrogen sullide, volatile fatty
acids and ammonia.

Test Methods for the Examination of Compaosting and Compost
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4.5 Step 5: Compost Curing—Customers that require
a mature product may specify a greater degree of
product biological stability. Compost curing is the last
stage of composting that occurs afler much of the
readily metabolized material has been decomposed.
Compost curing provides for additional stabilization,
and allows further decomposition of celiulose and
lignin. Cured compost is a highly stabilized product
that results from exposing compost to a prolonged
period of humification and mineralization, ranging
from six to eight months,

4.6 Step 6: Compost Screening and Refining—
Screening is necessary to remove cantaminants such as
oversized materia!, stones, metaj fragments, glass, film
plastic, hard plastic, and sharps. Residue from
screening and refining can be recycled, or it might be
disposed of al an incinerator or landfill. Screening also
enables size classification to suit customer needs.
Some customers may require that essentially all man-
made inert material is removed from compost to
enhance its aesthetic acceptability. Further refining can
remove small stones, glass, metal fragments, hard
plastic, fiim plastic, and sharps. This step typically
follows the compost curing step so as to retain bulking
material in the compost as long as possible as an aid o
aeration

4.7 Compliance with Compost Safety Standards—
Standards to protect public health, safety, and the
environment typically focus on the content of trace
metals and pathogens in compost. However, soluble
salts, pH, man-made inerts, film plastic and organics
may also be the focus of compliance standards in some
cases.  Verification is by standard methods for
sampling, preparation and analysis. If a compost
product meets the minimum standards for safety, the
product is a “General Use Compost” and may be
distributed for use as a soil amendment. Although a
product may meet minimum requirements for public
health, safety, and the environment, il may nof,
however, suit a particular customer's aesthelic
requirements for example, or a customer's requirements
for stability or for nutrient value. Product marketing
issues will dictate the exient of curing, refining, and
amending necessary to meet customers' needs. 1f the
product does not meet the suggested minimum
standards, the product may be reprocessed to meet the
standards, or may be marketed as a “Decsignated Use
Compost”, with specific restrictions on ils use
appropriate to its characteristics. For example:

4.7.1 A compost which does not meet the minimum
standards for compost stability could be (1} composted
for another week or more until it is sufficicntly stable to
meet the stability standard, or (2) used in an application
where its relatively low stability would not be harmful.

August 12, 2001
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4.7.2 A compost which contains more film plastic
than the standard could be (1) refined to remove the
film plastic, or {2) marketed for restricted use where the
film plastic content would be acceptable,

48 The Composting Schematic Diagram (The
Process Model, Fig 01.02-A3) was developed as an aid
10 a broad understanding of process steps in the
manufacture of compost suitable for general
distribution or for designated uses.

4.8.1 As noted previously, a product that complics
with regulatory standards for safety is suitable for
distribution and use as a soil amendment. 1l is
classified “General Use Compost”.

4.8.2 “Designated Use Compost”, on the other hand,
is the classification that does not comply with safety
standards and its disttibution and use is subject to
regulatory control. The authors elected not to show
market segments for this class of compost on the model
schematic, because use is restricted by local or siate
regulation. Uses are potentially numerous. 1t might be
used, for example, as landfill daily cover, or refined for
land teclamation, and/or cured for other designated,
restricted markets.

4.8.3 General Use Compost classification is shown
as the source of supply for three grades of compost,
namely Raw Compost, Refined Compost, and Cured

August 12, 2001
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Composi.  These three grades of compost are
manufactured for reliable and sustainable end markets.
Each of the three grades of compost may be amended
with supplemental material (amendments) added during
composting or to compost, o provide attributes
required by customers for certain compost products,
such as product bulk, product nutrient value, product
pH, and soils blend. Marketing consultants have
defined a dozen or more major market segments.
Marketers supply compost to many segments and more
are being developed.

4.8.3.1 Raw Compost is generally suitable for use
as landfill cover material and as surface mine
reclamation material. It may be suitable for other
additional uses.

4.8.3.2 Refined Compost is generally suitable for
field nursery use, sod production, silviculture,
agriculture, commercial landscaping, and specialty
applications such as erosion control and for biofilters.
It may be suitable for other additional uses.

4.8.3.3 Cured Compost may generally be used for
high-end landscaping, delivered topsoil, bagged/retail
matrkets, container nurseries, and specialty applications,
(e.g., wetlands redevelopment, etc.).

Test Methods for the Examination of Composting and Compast
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01.03 COMPOSTING TECHNOLOGY GROUPS

01.03-A OPERATION CHARACTERISTICS

1. Technologies

1.1 Technologies used for composting cover a broad
spectrum of options.  The composting industry
recognizes five groups of composting technologies, as
shown in the Table 01.03-Al.

Table 01.03-A1 Compesting Technology Groups,

Managenment Strategics
Step 3: Composting  [GROUP | |GROUP2 |GROUP3 |GROUP4 |GROUP S

Weather Proleetion Open Open Covered Covered Covered

Pile Configuration Piles Windrows |Pilesand  fWindrows | Tunnel and
Tuanels Trenches | Vessel
Bedsand | Systems
Bays

Process Passive Active Active Active
Management of
Kay Process Variables : Afél -
" Pils Undistuehed | Tumed Static Tumed Tumed
Structore
® Feedstock nutrient | Unmonaged {Inktial C:N | Initial TN {Initial C:N | Initial C:N
balance ratio scl Tatio sel fatio Set fmtio set
= Pike Oxvgenand pH  JUnmanaged | Comveetive | Foreed Mechanical | Foreed
Acration  [Aezation | Acration | Aeration
® Pike Moisture Unmanaged | Mix in Mix in Mix in Mix in
Make-up  [Makc-up  [Make-up  |Makewp
* Pilc Temperature Unmanaged | Turning Blower Blower Blewer
Contrul Contro] Control Control
* Retention Time 12-14 2-12 26 z-§ 24
months months months mounths months

1.1.1 The five {5] technology categorics are based on
the  predominant  composting unit  operation
characteristics, a technology classification system
devised and peer-reviewed for the Composting Facility
Operating Guide, US Composting Council, 1994
(http://compostingcouncil.org).

1.2 The composting indusiry
technologies is generic. Specific technology suppliers
offer variations within a technology group. A single
technology should offer a combination of alternatives
that will address the seven steps of the composting
process.

1.3 Sampling and testing plans must be designed to
suit the specific approach used in each composting
project.

1.4 Sampling and testing marketable product provides
the data needed to demonstrate compliance with
environmental standards and to provide users with
information needed 1o plan for proper application of
compost products,

2. Composting Feedstocks

2.1 Six
composted:

types of source materials commonly

Test Methods for the Examination of Commposting and Compost

categorization of

2.1.1 Food Processing Residuals—compostable
material remaining afler fruit, vegetables, grains, nuts,
and meat are processed for consumption.

2.1.2 Manure and Agricultural  By-Products—
generated at racetracks, feedlot and other animal
feeding operations, farms, nurseries, and greenhouses.
Compost produced from residuals generated from
farms, nurseries, and greenhouses can be readily
recycled inte those operations.  However, huge
quantities of manure generated at racetracks, feediots,
and swine and poultry confinement facilities can pose a
significant challenge to facility operators.

2.1.3 Forestry and Forest Product Residuals—
includes bark and sawdust, and fiber fines residue and
biosolids generated by the papermaking process. Bark
and sawdust can be used in the composting industry as
a carbon source with other feedstock material or as a
bulking material to increase porosity of the feedstock
mix.

2.1.4 Biosolids, or Sewage Siudge—the solid
material generated by the biological treatment of
sewage at a wastewater treatment plant. In addition to
being composted, sewage sludge can be recycled for
beneficial use by direct application onto land as a
fertilizer.

2.1.5 Leaves, Brush and Yard Trimmings (Yard
Waste})—typically consists of leaves, brush, grass
clippings, plant trimmings, and plant remains.
Historically this material has been collected with
municipal solid waste and incinerated or landfilied.
Many communities have restricted incineration and
fandfilling of these materials. Instead, they are
separately collected and recycled for beneficial use by
directing it to a mulching or composting facility.

2.1.6 Source Separated Organic Waste (SSOW)—
consists of the compostable and composting compatible
fraction of municipal solid waste, accumulated and
presorted by the gencrator, and collected separately
from household hazardous material and sometimes non-
compostable  material. The compostable and
composting compatible fraction can be directed to a
central composting Tacility. For example, a
compostable organics collection program that relies on
source separation by the generator could include leaves,
brush and yard trimmings, food scraps. wet and soiled
paper, diapers and sanitary products, petl waste, and dry
paper packaging that is not recycled because of weak or
nonexistent markets. Source-separated organic waste
includes residential, institutional and commetcial

August 12, 2001
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sources, and can include the domestic portion of the
industrial solid waste stream,

2.1.7 Mixed Municipal Solid Waste (MSH)—
includes various discards from residential, commercial,
and institutional sources that are commonly taken to
incinerators or landfills. The largest components of
mixed municipal solid waste are typically paper and
paper products, leaves, brush and yard trimmings,
wood, food scraps, glass, plastics, and metals. The
composition of mixed MSW varies depending on the
characteristics of the waste generators in the service
area, but usually from about 50% to 65% is
compostable when recovered by separation at a central
facility. Mixed municipal solid waste will contain
relatively fewer recyclables and a relatively higher
fraction of compostable material when an aggressive
source-separated recycling collection program operates
in conjunction with mixed municipal solid waste
collection.

2.2 Market attributes of finished compost product are
influenced both by the feedstock used and by
composting process control,

2.3 Sampling and testing plans must be designed to
suit the specific feedstocks used in each composting
project.

3. Compost Product Overview

3.1 A variety of value-added products are developed
by processors (Fig 01.02-A2 Composting Products
Model).

3.1.1 Step 1—Feedstock Recovery involves an
inspection of malerials received at the tip floor or
receiving area to removed unwanted items from the
feedstock. This step may also be used to gather items
that have commercial value in the traditional recycle
markets, such as ferrous, plastics, and clean paper.

August 12, 2001
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Equipment and labor for sorting is often required and
returns should offset costs.

3.1.2 Step 2—Feedstock DPreparation  involves
establishing the initial porosity and degradability, i.e.,
C:N and C:P ratios, moisture content, etc.

3.1.3 Step 3——Thermophilic Composting reduces
pathogens, which is a fundamental requirement for
feedstock processing and destroys most weed seeds. At
this point, markets may be able to accept the material
even though it is neither biologically stable nor free of
organic phytotoxins that inhibit seed germination and
plant growth. {e.g., land applied for sufficient time to
reach a level of stability and maturity before planting
that benefits crop growth and soil conservation).

3.1.4 Step 5—Compost Curing increases biological
stability, may further reduce pathogens, and with
aeration eliminates organic phytotoxins. The degree of
curing should match the intended use of the product.
A bagged product will require a high degree of curing
because of its potential use as potting soil and garden
bed amendment. Product that will be sold in bulk for
direct application for agricultura!, landscape, roadside,
or reclamation settings may not require as much curing
as compost used a potting soil.

3.1.5 Step 6—Compost Screening and Refining
removes oversized material and other unwanted
material, and can provide the particle size and texture
of product for particular end use requirements.
Screening and refining equipment is an investment that
should increase product revenues.

3.1.6 Step 7—Compost Storing and Packaging deals
with scasonal demand patterns that don't match
feedstock availability patterns and may generally be
inevitable. Mo degradation of product should be
allowed, and if storage is inevitable it can be exploited
to add still more value for the highest markets of all
that include bagged and amended products.

Test Methods for the Examination of Composting and Compost
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Test Method: Ficld Sampling of Compost Materials. Five Protocols Units: N4
Test Method Applications
Process Management Product Attributes
Neep f: Step 2: Step 3 Sy & Srepr 3¢ Spepr 6 Step 7: Nafewy Marker
Feedstock Feedstock Compaosting Odor Treatment Compost Curing Compast Campost Neandarads Aniribures
Recovery Proparation Seroening and Storing and
Refining Packaging
02.01-A 02.01-A 02.01-A 02.01-A 02,01-A 02.01-A 02.01-A 02.01-A 02.01-A
02.01-B 02.01-B 0201-B 0201-B 0201-B 0201-B 02.01-B 02.0t-B 02.01-B
02.01-C 02.01-C
02.01-D 0201-D 02.01-D 02,01-D 02.01-D 02.01-D 02,01-D
02.01-E 02.01-E 02,01-E 02.01-E 02.01-E 02.01-E
02.01 FIELD SAMPLING OF COMPOST MATERIALS
DISCLAIMERS. 1.2 Values stated in SI units are to be regarded as the

(1} The methodologies described in TMECC do not purport to address alf
safety concems associated with their use. It is the responsibility of the
user of these methods to establish appropriate safety and heakth
practices, and to determine the applicability of regulatory limitations
priot to their use,

2

-

All methods and sampling protocols provided in TMECC are subject to
revision and update to correct any ermors or omissions, and to
accommodate new widely accepted advances in techniques and
methads, Please report omissions and emors to the U.S. Composting
Council R h and Ed Foundation. An on-line submission
form and instructions are provided on the TMECC web site,
httpz/fwww. imece.org/addenda.

(3) Process altematives, trade names. or commercial products as mentioned
in TMECC are only examgples and are not endorsed or recommended by
the U.S. Departinent of Agriculture or the U.S. Composting Council
Research and Education Foundation. Alternatives may exist or may be
developed.

1. Source

1.1 This section covers sampling procedures for
compost and composting feedstock.

1.4.1 Merthod 02.01-4 Compost Sampling Principles
and Practices adapted from sampling procedure
documents provided by Dr. William F. Brinton, Woods
End Research Laboratory, 1996.

1.1.2 Method 02.01-B  Selection of Sampling
Locations for Windrows and Piles.

1.1.3 Method 02.01-C Sampling  Plan  for
Composted Material—adapted from the US EPA’s
Test Methods for Evaluating  Solid  Waste,
Physical/Chemical Methods, SW-846, Third Edition,
September, 1986, Consideration and importance was
placed on sampling composted solid waste rather than
sampling scdiments, sludges, or soils for waste
analysis. Most information remained unchanged. The
majority of the information on sampling was taken from
Chapter Nine, Volume Il of the U.S. EPA Solid Waste
- 846 Manual.

1.1.4 Method 02.0{-D
Material Sampling Strategies.

1.1.5 Method 02.01-E Data Quality Management
and Sample Chain of Custody.

Composting  Feedstock

Test Methods for the Examination of Composiing and Compost

standard. Values given in parentheses are provided for
information only.

2. Referenced Documents

ASTM D 5231-92, Determination of the Composition of
Unprocessed Municipal Waste. fn Annual Book of
ASTM Standards, Vol. 04.08

ASTM D 4547-21, Sampling Waste and Soils for Volatile
Organics. [ Annual Book of ASTM Standards, Vol.
04.08

A Plain English Guide to the EPA Part 503 Biosolids

Rule. US EPA Office of Wastewater Management.
EPA/832/R-93/003, September 1994.

Test  Methods .. for  Evaluating  Solid  Waste,
Physical/Chemical Methods. US EPA SW-846. 3rd
Edition, Scptember, 1986.

Western Llectric
Company, Inc. 2nd Edition. 1958,

3. Terminology

3.1 aliguot, n—a sub-sample of a material prepared
for, and subjected to laboratory analysis. A sub-sample
size smatler than 1 g may be used to represent more
than 1000 kg of compost.

3.2 attribute verification, n—a laboratory protocol
that includes standard reference materials, checks and
blanks to validate analytical determinations.

3.3 confidence inferval, n—a statistical range with a
specified probability that a given parameter lies within
that range. The magnitude of the range increases as the
specified probability is increased.

3.4 process monitoring, n—samples collected at
predetermined intervals within the composting process
to track the largeted changes in biological, chemical
and physical characteristics; key process variables in
compost piles that should be monitored include
porosity, oxygen perceni, moisturc  percent,
temperature, retcntion time or age.

3.5 pracess voriability, n—deviations from optimal
management procedures of compost preduction that

August 27, 2001
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may induce deviations in the desired result and sub-
optimal finished compost.

3.6 product variability, n—heterogeneity of the
chemical, biological and physical characteristics of a
compost product attributable to both the composting
process and the heterogeneity of input feedstocks.

3.7 representative  sample, n—a sample that
accurately reflects the average chemical, biological and
physical characteristics of interest from the source of
feedstock, bulk material or compost batch in question.

3.8 sample collection frequency, n—retrieval of
representative  samples at intervals that accurately
represent the status within the process step of interest
for the bulk of compost in question or batch of concern.

3.9 staristical validity, n—determinations made from
a sample that accurately represent the average
characteristics of the compost of interest.

4. Sampling Collection and the Composting
Process

4.1 A generalized model developed to represent the
aerobic composting process is presented in Fig 02.01-1
Composting Unit Operations Model.

4,1.1 Market atiribute analytical values for a finished

compost vary according to the type or blend of
composting feedstocks and composting process.
Value-added compost products are illustrated in
Chapter 01,00 Fig 01.02-A2 Composting Products
Model. Sampling and testing plans must be designed to
suit the feedstock used in composting, the specific
approach to feedstock preparation and composting
process management in cach composting project, and
specifically for each finished product.

4.2 Selection of Sampling Method:

4.2.1 Feedstock Sampling Location—The sampling
location for composting feedstock is after feedstock
recovery (step 1) has been completed. Feedstock
sampling is performed after routine removal of
recyclable and/or problem materials. Samples should
be taken before feedstock preparation (step 2), ie.,
before shredding or size reduction, and before
supplemental nutrients, bulking agents or water have
been added. The facility operators can provide the best
information for the locations to obtain feedstock
samples,

NOTE |—Once the feedstock preparation, (step 2 of the
composting process model), is completed, the actual
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composting process begins with the material placed in piles,

windrows or reaction vessels for composting.

4.2.2 Prepared  Feedstock  Sampling—Samples
should be taken after feedstock preparation before
composting.  Facility operators can provide the best
information for the locations to obtain feedstock
samples.

4.2.3 Composting and Compost Curing Process
Control Sampling Locations—The sampling location
for process monitoring during composting, step 3, and
compost curing, step 6, is indicated in Fig 02.01-B1
Hypothetical Sample Collection Pattern from a
Compost Pile.

4.2.4 Finished Compost Sampling Locations—
Finished compost is expected to match the needs of the
customers, and may be obtained from step 3,
Composting; step 5, Compost Curing; step 6, Compost
Screening and Refining; and step 7, Compost Storing
and Packaging as indicated in Chapter (01.00 Fig 01.02-
A2 Composting Products Model. Finished compost
samples are taken from the actual product that is
released for distribution to an end-user.

5. Summary of Methods

5.1 Method 02.01-4 Compost Sampling Principles
and Practices—Review of sampling design schemes
adapted from sampling procedure documents provided
by Dr. William F. Brinton, Woods End Research
Laboratory, Inc.

5.2 Method 02.01-B Selection of Sampling Locations
Jfor Windrows and Piles—Descriptions of sample
collection as sets of compost sub-samples collected and
combined to represent the average chemical, physical
and biolagical characteristics of the compost material
for a batch windrow or pile of cured or curing compost.

5.3 Method 02.01-C Sampling Plan for Composted
Material—Review of US EPA SW-846 sampling plan
guidelines and statistical procedures for estimating
required minimum number of samples.

5.4 Method 02.01-D Composting Feedstock Material

Sampling Stralegies—A representative sample of
feedstock is collected to identify its chemical and
physical characteristics.

5.5 Method 02.01-E Data Quality Management and
Sample Chain of Custody—Consideration for third-
parly sample collection and preparation. Also, an
example form and description of the parameters needed
for a chain of custody report.

Test Methods for the Examination of Compasting and Compost
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Fig 02.01-1 Composting Unit Operations Model.

6.4 Method 02,01-D Composting Feedstock Material

Sampling Strategies—A general guide for feedstock
sample collection.  Specific methods should be
modified for differing feedstock materials,

6.5 Method 02.01-E Data Quality Management and

Sample Chain of Custody—A method of tracking a
collected sample from date, time and location of
sampling through completion of laboratory analysis.

6. Significance and Use

6.1 Method 02.01-A Compost Sampling Principles
and Practices—Source of general guidelines and
considerations needed to develop an appropriate
compost sampling plan.

6.2 Method 02.01-B  Compost Material Sampling
Strategies—A general guide for compost sample
collection and preservation from compost curing piles.

6.3 Method 02.01-C Sampling Plan for Composted 7. Interference and Limitations

Material (from SW-846 Chapter Nine, part [)—The
initial, and perhaps most critical element in a program
designed to evaluate the physical, chemical and
biological properties ol a compost is the plan for
sampling the material in question. It is understandable
that analytical studies, with their sophisticated
instrumentation and high cost, are oflen perceived as
the dominant element in a characterization program.
Yet, despite that sophistication and high cost, analytical
data generated by a scientifically delective sampling
plan have limited utility.

Test Methods for the Examination of Composting and Compost

7.1 Analytical error associated with sampling and
handling is compounded when multiple properties with
conflicting sampling needs are measured from the same
sample. For example, it is 2 good idea 1o subdivide and
remix samples repeatedly if mineral and metal tests are
being performed. This improves homogeneity and
reduces sample variance. Unfortunately, this same
method induces excessive volatilization of some of the
compounds, and causes microbial cross-contamination.
Therefore, the sampling plan must specily a separatc
sampling and handling scheme for cach test parameter
that requires special sampling.
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7.2 Method 02.01-B  Compost Material Sampling
Strafegies—As compost heterogeneity increascs, the
number of sub-samples should be increased. If
insufficient numbers of samples are collected,
analytical rcsults will not represent the compost in
question.

7.2.1 Moisture loss or gain during sample handling
and splitting may become significant. It is thercfore
necessary to mix and split a sample under sheltered
conditions, such as inside a building where wind,
temperature and sunlight or precipitation will not
distort the compost meisture, :

7.3 Method 02.01-C Sampling Plan for Composted
Material—Knowledge of or access to statistical
procedures is required.

7.4 Method 02.01-D Composting Feedstock Material

Sampling  Strategies—Sample  heterogeneity  of
feedstock may be much higher than that of the finished
composted product. It is crucial that all sampling plan
collection procedures are followed to maximize the
reliability and accuracy of the feedstock sample
analytical results.

7.4.1 Moisture loss or gain during sample handling
and splitting may become significant. It is therefore
necessary to mix and split a sample under sheltered
conditions, such as inside a building where wind,
temperature and sunlight or precipitation will not
distort the feedstock moisture.

8. Sample Handling

8.1 Collect samples from arcas of the compost pile
that are representative of the general appearance, and
avoid collecting atypically moist samples (> 60%
moisture, wet basis), If balls form during the process
of blending and mixing of point-samples, the compost
sample is too wel. Excessively moist compost will
cause unreliable physical and biological evaluation.

8.2 For most feedstock or compost samples, use
containers made of stainless steel, plastic, glass or
Teflon, These materials will not change compost
chemical quality. Laboratories provide advice on
appropriate sample containers, preservatives and
shipping instructions when requested.

8.3 A representative compost sample must be
collected from appropriate sampling locations and
consist of no less than 15 point-samples. Sampling
locations along the perimeter of the compost pile where
compost point-samples will be extracted and vertical
distances from the ground or composting pad surface
shall be determined at random, and shall be
representative of the compost on the site,

8.3.1 Determine the number and types of sampling
and shipping containers to be used. The composite
sample is placed in a sanitized container and
thoroughly  mixed. Follow proper quality
assurance/quality control procedures for sample
preservation, storage, transportation and transfer,
Sample the cured compost  and aliquot 12 L (3 gal)
sub-samples from the composite sample and place in a
sanitized plastic container and seal.

8.3.2 Utilize the Student's *t”-test with a confidence
interval of 80% to statistically analyze the test data.
Refer to TMECC 02.01-A, paragraph 9.10 Sampling
Intervals for guidance in determining sample collection
frequency. '

8.4 Test Methods versus Sampling Methods—The
laboratory test method and analytical parameter of
interest dictate the method of sample collection, type of
container for shipping and storage of samples and
sample handling procedures required. Table 02.01-1
provides a partial list of analytical traits that are
affected by sample coliection and handling. In general,
volatile compounds and elements, physical bulk factors
and  microbiological samples require  special
considerations when developing the sampling pian.

Table 02.01-1 Partial list of test parameters that require special sampling and handling considerations.

Alteration of Sampling for

Test Parameler Principle Constraint Associated Error Corrective Action

Total-N Volatilization loss of NH3 Underestimation of total N Place in container quickly
during sample handling and volatile N with minimal stirring

Volatile fatty acids (VFA) Volatilization loss of VFA Underestimation of VFA Place in container quickly
during sample handling content with minimal stirring

Contamination from tools,
buckets, air

Microbiology {pathogens)

Use only clean, sterile
containers and implements

Over or under estimation of
pathogens

Bulk Density Excess sample moisture

Overestimation of Take large, oversized samples

volume/weight

8.4.1 In each case the determination for a trait of
interest can be changed adversely by improper sample
collection and handling, and consequently lead lo
erroneous conclusions. Analytical precision or relative
variability may not bc aflected by inappropriate
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sampling, but accuracy of the expected determination
may be biased and incorrect.

8.5 Comtainers, Post-Sample Handling—Tor each
type of parameter measured afler sampling specific
containers and holding times should be observed prior

Test Merhods for the Examination af Composting and Compost



to and during transport to a laboratory (see Tables
02.01-2 through 02.01-6). Use multiple containers to
preserve sample integrity as necessary.

8.5.1 Despite the wide variation in sample holding
times and condition requirements, all compost samples
targeted for general testing should be chilled
immediately upon collection and preparation. Refer to
Tables 02.01-2 through 02.01-6 to find the most
appropriate storage temperature for each test parameter
of interest,

8.5.2 When plastic containers are acceptable, use
double Ziploc®-type 4-8 L (1-2 gal) bags marked on the
exterior with a marking pen with insoluble ink, and
placed with several cool-packs in a large polystyrene
cooler or similar insulated container.

8.5.3 Ship the samples to the laboratory for delivery
within 24 h or less. Request that the laboratory staff

Sample Coliection and Laboratory Preparation
02.01 Field Sampling of Compost Materials

store samples at 4°C when delays in lab preparation are
anticipated.

B.5.4 Collection and storage of samples for organic
compound analysis - polychlorinated biphenyls (PCBs),
polynuclear aromatic hydrocarbons (PAHs) or volatile
fatty acids (VFAs) - require glass containers with
Teflon lids, or exclusively Teflon containers. Sample
containers should be filled to overflowing with material
to minimize airspace in the container and reduce
volatilization of prganic compounds during storage.

8.5.5 Include proper Chain-of-Custody information:
date, time, name of the sampling entity and name
individual responsible for sample. Refer to Method
02.01-E Data Quality Management and Sample Chain
of Custody for an example form and description of
parameters needed to complete a chain of custody
report.

Table 02.01-2 Physical Parameters: Sampling containers and conditions for compost and source ingredient testing,

Maximum Holding Time

Test Parameter of Interest Conlainer Conditions Allowed in Lab
Bulk Pensuy, HydraL!hc Condu-ctlwty, P.G 4°C 7d

Porosily, Water Holding Capacity

Temperature NA NA immediate, no delay
Total Solids . P,G 45C 24h

NOTE 2-—P=Plastic; G=Glass

Table 02.01-3 Organic and Biological Properties: Sampling containers and conditions for compost and source ingredient testing,

Maximum Holding Time

Test Parameter of lnterest Container Conditions Allowed in Lab
Respirometry P,G 4°C 24h
Organic Carbon P.G 4°C 14 d
Volatile Fatty Acids G (2L CWM) 4°C 14d
Volatile Solids PG 4°C 14 d

NOTE 3—P=Plastic; G=Glass

Table 02.01-4 Chemical Parameters: Sampling containers and conditions for compost and source ingredient testing.

Maximum Holding Time

Test Parameter of Interest Container Conditions Attowed in Lab
Acidity/Alkalinity {pH),

Electrical Conductivity,

Kjeldahi Nitrogen, Nitrate Nitrogen
{NO2-N), Nitrite Nitrogen (NO2-N), PG 4°C 48h
Ammonia Nitrogen and Ammonium

Nitrogen {NH3-N, NHa-N),

Sulfide

All other Metals P, G 4°C 6 months
Chloride, Sulfate PG 4°C 28d
Chromiuwm VI P, G 4°C 24h
Mercury P.G 4°C 28d

NOTE 4—P=Plastic; G=Glass

Test Methods for the Examination of Composting and Compost
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— .
Table 02.01-5 Pathogens: Sampling containers and conditions for compost and source ingredient testing.
- Maximum Holding Time
Test Parameter of Interest Container Conditions Allowed in Lab
Enteric Virus G -70°C >8h
Enteric Virus 5P, G 4°C 8h
Coliforms and other bacteria 8P, G 4°C 48 h
Helminth Ova SP.G 4°C 1 month
NOTE 5—SP=5terilized Polypropylene; G= Sterilized Glass
Table 02.01-6 Synthetic Organic Compounds: Sampling containers and conditions for compost and source ingredient testing.
Maximum Holding Time
Test Parameter of Interest Container Conditions Allowed in Lab
Chlorinated Herbicides, and G, Teflon lined cap o f :
Chlorinated Hydrocarbons, PCB (' LAL) #C 7 d until extraction
. ‘. 16 oz B.R. o . .
Chilorinated Pesticides @ LAJY 4°C 7 4 until extraction
Dioxins & Furans,
. . . o

N|troarm.naucs and_ Isophorone, and G, Te{lun lined cap 4. C 7 d until extraction
Polycyctic Aromatic Hydrocarbons, (2-'2LAL) store in dark
PAH
Phthalate esters G, Teflon lined cap 4°C 7 d until extraction

. G, Teflon lined septum o . .
Purgeable aromatic hydrocarbons (40-mL Glass V) 4°C 14 d prior lab testing

. . . G, Teflon-lined Septum o
Setni-Volatile Organics (2.5-L Jug) 4°C 7d
G, Teflon-lined Septum o . ;
TCLP Sample (2.5-1 Jug) ‘ 4°C 7 ¢ until extraction
. . G, Teflon lined septum o . +
Volatile Organic Compounds (VOC}) (40-mL Glass V) 4°C 14 d preserved in HCI
— NOTE 6—P=Plastic, G=Glass, HDPE=High Density Polyethylene
f—Evaluation data is being sought to confirm this requirement for curing and finished composts.
August 27, 2001 Test Methods for the Examinaiion of Composting and Compost
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Test Method: Compost Sampling Principles and Practices Units: N4
Test Method Applications

Process Management Product Attributes
Step 4. Ntepr 2: Step 3: Step 2 Seep 52 Step 8: Nup 7: Safery Market
Fecdstock Feedstoch G itig Odor Treatment Compost Curing §  Compost Compost Stendards Attribufes
Recoveny Preparation Screening and Storing and

Refining Packaging
02.0t-A 02.01-A 02.01-A 02.01-A 02,01-A 02.01-A 02.01-A 02.01-A 02,01-A

02.01-A COMPOST SAMPLING PRINCIPLES AND PRACTICES

COMMENT—This section was adapted from sampling
procedure documents provided by Dr. William F. Brinton,
Woods End Research Laboratory, 1996,

9. Justification for Compost Sampling

9.1 Sampling of compost and compost products is an
essential aspect of process monitoring, quality contrel,
marketing and labeling, and regulatory compliance.
Like other functions of sitc management, satple
collection involves carefully planned and often labor
intensive activities. Four common reasons for compost
sampling arc described:

9.1.1 Ingredient Analysis—basic data on source
ingredients are needed for the design of a composting
process or identification of an optimal composting
feedstock recipe.

9.1.2 Process Design and Monitoring—composting.
process evaluation requires information on material
characteristics and process benchmarks,  Specific
sample collection protocol is designed for cach
parameter of interest. '

9.1.3 Marketing and Labeling—specification sheets
or product labels for compost are needed to compare
product with others in the marketplace.

9.1.4 Regulatory Compliance-—compost process and
product requires periodic testing for compliance with
specified traits including certain metals, pathogens,
stability and maturity.

9.2 Use of Sampling Data—Sampling decisions
require an understanding of the need for data
collection, specifically how 1o sample and when to
collect samples. The sampling decision tree presented
in Fig 02.01-Al illustrates a decision process to assist
in the development of proper sample collection
methods, to identify sampling interval and sample size,
and the end use of sample data. When regulations do
not apply, as is the case for recipe formulation, process
monitoring for quality assurance (QA) and internal
quality control (QC), it is imporiant to clearly
understand the intended use of the data and to
determine the appropriate sampling procedures. [For
example, if C:N ratio interpretation is considered very
important, then very low variations in sample carbon
and nitrogen dcterminations  become a  major

Test Methods for the Examination of Composting and Compost

consideration and a sample collection process must be
designed to support to this requirement.

Identify
regulatory
tules
Process
. Management
Quality Ye Define use
Control for data
Market label
requitement
Source
ingredionts »
Yembetick gyt
Define use Bemshacale
for data
Process
managemen
[d‘:‘n‘)uf) Aualified Auquire appropriate I'min wtaff s cnlect Coller
Tateey and rampiing fenls and and presenve epesenlatine
communkale  —P hping L~ repreventatine e samiple(a), propan
saripl analy Lical e bty Tor sripment and
requiremcty, d i end e Laborstory

Fig 02.01-A1 Compost sampling decision tree, overview of
sampling objectives.

9.3 Types of Sampling—Two types of sample
collection are used: point-sampling and composite-
sampling:

9.3.1 point sampling—site-specific sample collection
from within the general mass is used to identify and
quantify points of extreme variability, hot spols or
problem zones, Point-sampling alone should not be
used unless special conditions exist.

9.3.2 composite-sampling—a single sample for
laboratory analysis composed of multiple, well-blended
point- or sub-samples uniformly distributed throughout
the entire volume that, afier mixing, accurately
represents an average or median value of the property
or trait of interest for a batch or general mass. Properly
implemented composite sampling is preferable for most
sampling plans because it provides a reliable estimate
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of the average or median property or trait of a batch or
segment of a continuous stream, tather than a specific
spot trait.

9.3.2.1 stratified sampling—a modificd composite
sampling scheme is used to document gradients and
define heterogeneity as a function of position within the
bulk or general mass of sampled material, where the
general mass is subdivided into separate zones and a
series of point-samples are collected and composited
within each zone. Stratified sampling should be used
when- heterogeneity of compost is unknown and when
regulatory constraints require knowledge of the relative
spatial and temporal variability. This is most often
based upon. the standard deviation and mean; refer to
Method 02.01-B for equations applied in calculations
for approximating the required number of sub-samples
to accurately estimate the average value for the
parameter or trait of interest,

9.3.2.2 interval sampling—sampling from moving
conveyor belts.

9.4 Sampling Plan—The constraints of the material
and the composling technology must be considered
when an optimal sampling plan is designed.
Combinations of composite and point sampling are
illustrated within the four sampling schemes presented
in Fig 02.01-A2. The sampling scheme selected must
address limitations of the selected test parameter and
should not distort the analytical result.

9.4.1 Stratified sampling (Scenario A, Fig 02.01-A2)
is used to determine variability, profile gradients and
spatial uniformity characteristics. In most cases,
composite sampling (Scenario B, Fig 02.01-A2) is
satisfactory when the amount of variability within the
mass is known to be insignificant. It involves
combining several representative sub-samples into one
composite sample that is then thoroughly mixcd, then
split for shipment to the iaboratory. Area or batch
sampling (Scenario C, Fig 02.01-A2) and single grab-
or point-sampling (Scenario D, Fig 02.01-A2) are for
special cases where one sample is collected at one
location. Area or batch sampling is typified by a whole
mass collected as one sample unit. This method is most
appropriale when moving the mass from a vessel to a
curing pile. A single point-sample does not provide a
representative  sample for the bulk mass. Bawch
sampling and point sampling should be employed to
characterize an obvious or polential anomaly at one
specific point, time or location within a process, A
good example of a single point sample to detect
anomalies is shown as X in Fig. 02.01-A2 D, a location
referred 10 as the “toc” of a stalic aerated pile, and onc
which is vulnerable to suboptimal temperatures needed
to achieve pathogen reduction. For this reason, it is
sometimes specifically included to verify pathogen
content of compost thal has finished the thermophilic
phase.
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9.5 Importance of Represeniative Sampiing—A
representative sample defines a material’s average
characteristic, typical for the entire material being
sampled. Under viriually all composting conditions,
the mass of compost material is large and
heterogeneous, A representative sample of compost is
not easily obtained; and sampling must be repeated
over lime to compensate for naturally high variations.
Under proper management and as compost-curing
advances, variability within a curing pile or windrow
will decrease.

Field Sampling Methods Samples for Lab Lab Resulis
A v
Stratified
Samplin X,
-3 |
S o

Conposite

Sampling 0

C

Entire Area, X
or Batch

Samplin -

D

Single Grab
Sampling Xn
° — @1 v

Fig 02.01-A2 The sampling schematic.

9.6 Variables that Compromise Quality of
Sampling—Sample collection technique and variability
of compost and cured compost affect the relative
accuracy of sampling and the reliability of laboratory
analytical determinations. Failure to adjust sampling
protocols according to the nature and source of
variations may invalidate test results and lead to
inappropriate management or marketing decisions.

9.6.1 Bias Introduced by the Sampler—Inaccurate
sample collection is olten due to systematic or
intentionally selective sampling introduced by the
sampler. Significant error will result from atiempts by
the sample collector to counteract perceived variability.
Examples include avoiding the collection of sub-
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samples from wet pockets or systematicaily excluding
large particles from the composite sample. Deliberate
bias results from an attempt by the sampler to
prepare samples that appear superior in a perceived
physical trait that does not actually represent the
bulk or batch of interest.

9.6.2 Sample Heterogeneity—The following are key
sources of non-uniformity that can give rise to
significant sampling errors.

9.6.2.1 Sub-sample size affects sampling accuracy,
In general, a representative composite sample contains
large (> 1000 ¢cm®) and plentiful sub-samples (>15
samples).

9.6.2.2 Complete and thorough mixing throughout
the composting process improves the quality and ease
of sampling. Poor initial mixing effects variability of
the parameters throughout the composting process.
Repeated use of turning machinery during composting
improves homogeneity. However, within days or even
hours after turning, mixing or re-piling, the composting
mass may develop gradients of stability, moisture,
bacteria and ammonia. When pre-mixing, blending or
turning are not employed, as in static pile composting
or compost curing, the sampling plan should include
mote sub-samples per composite sample to compensate
for inherently high variability within the mass.

9.6.2,3 Soil and stones are frequently picked up
during routine compost production operations. These
pose problems for good sampling. 1n some cases, the
sampler may bias the sample by dcliberately excluding
gravel and stones present in a compost (soil can not be
easily seen). On the other hand, a laboratory that
receives a sample containing stones or small gravel
may nol sub-sample, pre-screen, and grind, resulting in
variable results. Staff responsible for sampling must
correctly diagnose the situation and advise the
analytical laboratory about it. In some cases,
laboratories must issue disclaimers about their own
sub-sampling technique.

9.6.2.4 Foreign and non-compostable matter almost
invariability poses problems to the sampler, and also
the laboratory. This is most likely the case with
municipal solid waste {MSW) and certain industrial by-
products where large and variable amounts of such
substances are present, The best approach is o take
large sub-samples and blend frequently before
removing the final sub-sample for examination or
testing. There is presently no generally accepted or
standard practice for gauging the minimum sample size
required in such situations.

9.6.2.5 Varying particle size is one of the most
common sources of sample variability. For example, a
composting feedstock mix may have exactly 27% wood
chips, bul inability to sub-sample adequately could
result in finding anywhere from 11 to 38% wood chips.
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The error introduced to C:N values for samples of this
range is significant.

9.6.2.6 Layering, compaction and gradients of
composts arise as a result of inadequate initial mixing,
infrequent or excessive turning/mixing during feedstock
preparation, or during the composting process because
of equipment/ventilation actions such as inappropriate
selection and use of bulking materials, Any one or
more of these can easily confound sampling attempts.

9.7 Sampling Practice—Sampling begins with the
decision 10 evaluale materials and proceeds to
determining how and in what time frame the sample is
needed.  Practical steps include identifying the
important parameters to be analyzed and working
backwards through the decision tree to identify how to
obtain a suitable sample for the specific technology and
parameter of interest.  Following this process, a
sampling protocol and sample log is constructed.
Technological constraints sometimes present significant
challenges for sampling, however, in most cases,
reliable samples can be obtained once a thorough
analysis of the process plan is conducted.

9.8 Composting Technology Systems and Sample
Collection—The physical/mechanical nature of the
feedstock preparation and composting operation may
impose constraints on sampling. Each composting
technology imposes specific limitations on sampling.
Representative samples may not be obtainable with
some technologies. Therefore, a facility's sampling
plan must take into account the realistic strategy for
obtaining representative samples. In general, highly
engineered compost processes impose more constraints
on sampling than a simple composting process. For
example, outdoor windrows are more easily sampled
than large rotating drums.

9.8.1 Ten basic types of composting systems are
presented in Fig 02.01-A3 and their associated
sampling constraints are outlined in Table 02.01-Al.
Each system introduces particular traits or constraints
that impact how {and why) samples are collected. New
forms of compost technology under development may
expand the list, but the generic form of the prescribed
models cover most existing composting technologies.

9.8.2 Sampling Plan Basics—The two process-
focused modes of compost sampling are: i) In-Process
sampling for monitoring during a specific composting
technology process; and ii) End-Process sampling.
There may be multiple steps or multiple processes
involved in an overall system. Sample collection for
testing commonly occurs al the end of a specific step of
the composting process, mostly for convenience and to
be certain that the sample is representative of the batch.
Sample collection during a process imposes significant
constraints because of the inherent variability of in-
process malerials. Sampling at these points must be
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carefully designed to sample across any existing
gradient of non-uniformity.

9.8.3 Discussion in the following section identifies
technologies and primary constraints or requirements
for representative sampling,

9.8.3.1 Type A. Home Bins come in many shapes
and sizes, from fixed solid containers, loose wooden
structures to rotating solid-tanks. The appropriate
framework for sampling is to select thc material
representing the finished product. Some systems
provide doors at the bottom of a bin from which
samples may be easily removed; other bins require
disassembling or removal from the pile and hand-
mixing of the mass. Precaution must be taken to assure
a homogenous mixture under any circumstance.
NOTE 7—The inclusion of home composting bins in TMECC is
not a suggestion or endorsement for regulatory contrel, but for
information and perspective only. While home composting bins
are not a mainstay of commercial composting and not currently
or likely to be regulated by state or local jurisdictions when the
end product is used by the home generator and producer, the
principles described in TMECC for assessing overall quality of
compost are suitable for use on such products.
9.8.3.2 Type B. Turned Windrows are either baich
or continuous piles. In the former common case, the
entire windrow is made from similar ingredients at
about the same time {e.g., within 3 d). In the latter
case, materials are added lengthwise over time. In both
cases, non-unifermity is observed down the length of
the pile and is greatest with continuous modes of
composting. Sampling of windrows requires
compositing over a discrete length, either the entire
pile, or a sub-section identified to have similar age or
other characteristics. Windrow turning machines are
useful for preparing uniform mixtures suitable for
composite sampling; however, a single pass with a
turning machine will not result in an evenly mixed pile,
3-4 passes commonly are required. If turning is
performed frequently, the need for multiple turns prior
to sampling diminishes.

9.8.3.3 Type C. Static Piles are recognized for their
non-uniformity.  These piles exhibit gradients of
temperature, aeration and exposure to elements that
reduce homogeneity over time. To obtain a
representative sample from a static pile, extreme
disruption and mixing is required. Breaking down the
pile with a buckel loader and re-mixing after removal
of the outer cover may be necessary. If mixing is not
complete, sub-samples should be taken from cach
region during pile breakdown, or frem the bucket as
material is removed. However, if the purpose of
sampling is Lo characterize non-uniformity, then effort
must be made to get to the region of concern where a
representative sample can be collected. This could be
performed using a core sampler, or by breaking open
the pile with heavy equipment.
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9.8.34 Dype D. Agitated-Bed systems generally
move compost along the length of the system at a fixed
rate per day. Should sampling be necessary during the
process, care must be taken to understand the
variability imposed by nature of daily additions to the
system. In some cases, the actual technology physically
restricts access for various reasons including worker
safety. In such situations, samples can be collected at
the discharge end where material comes off the bin.
Several sub-samples should be taken each day, cooled
immediately; and several days’ accumulated samples

- {except for bacteriological and others parameters

limited by a 48 h holding time) can be composited to
form a bulk sample,

9.8.3.5 Type E. Enclosed Vessel reactors are either
circular or oblong containers, bins or towers (these
systems may or may not contain internal moving parts)
and cannot be easily accessed for sampling. Sample
collection is best performed at the vessel's discharge
end. In-process sampling for quality control and
process monitoring is not always practical with these
systems.

9.83.6 Type F.  Rotating Vessels arc horizontal
tanks, usually positioned on a gradient. They are used
for continuous and sometimes for batch composting.
Most systems do not have ports to access the material
during processing, making in-process sampling
impractical. As with the enclosed vessel design,
sampling is usually performed at the discharge end of
the vessel. Rotating vessels are often used during
“Feedstock Preparation” for many technology types,
and sampling is performed on the download conveyor.

9.8.3.7 Type G. Cure Piles are frequently very large
and may contain material composited from several
piles. Because of their heterogeneity and size, and the
typical lack of turning and mixing, they usually display
extreme gradients of moisture, maturity and bulk
density. Under these circumstances, one effective way
to adequately sample is to use a large tractor loader to
beeak into the pile, moving and mixing the materials in
the process. The sampling plan must incorporate a
stratified sampling scheme and point sampling to
distinguish gradients and map spatial non-uniformity.

9.8.3.8 Type H. Bagged Product resulls from a
mixing and screening process thal is assumed to
produce uniform material prior to bagging. Additional
mixing of the bulk mass after bagging and prior to
sampling is precluded. Therefore, a statistically
representative sample must consist of many sub-
samples collected from different bags. Additionally,
the physical constraint of extracting small sample cores
from separate bags that arc palletized compounds the
problems of collecting proper samples.

9.8.3.9 Type I Source Ingredients are notorious for
non-uniformity. Large sub-samples that accurately
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represent the distribution of ingredients must be well
mixed, and if possible (when appropriate), shredded to
reduce the sample size while retaining sample integrity.
Large mechanical equipment may improve the sample
collection and preparation process.

9.8.3.10 Tyipe J. Lab Systems are a special case of
composting and are usually handled as a discrete
sampling problem on an individual institutional basis.
However, with the increasing popularity of bench scale
testing, particularly for bioremediation composting, the
value of describing sample units and types becomes

Sample Collection and Laboratory Preparation
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more obvious. In general, these units contain highly
uniform materials and are sometimes so small that the
entire unit becomes the sample from which sub-samples
are drawn for scparate analyses. DBecause non-
uniformity increases with miniaturization, lab systems
are usually designed with small openings into discrete
sections of tanks 1o facilitate extraction of small sub-

samples. This allows the operator to monitor the
formation of gradients and non-uniformity in miniature

lab systems.

Table 02.01-A1 Sampling operations, constraints and required tools for ten types of composting technologies,

Type Sampling Action

Constraints

Preferred Tools

Must open bin, remove cover and sides,
and mix by hand

A. Heme Bins

Not homogenous, may be hard or
impossible to open

Pail and spading fork

B. Turned Windrows | Sample after tuming with machine from
surface of pile if well mixed

Pile varies along length, turning machine | 5-gal pail, spading shovel,

may not homogenize in one pass

COorer

C. Swtic Piles Remove chip cover, and dig into depth,
may require bucket loader and multiple

depth sampling

Extreme non-uniformity, iayering and

5-gal pail, spading shovel,

clumping, inadvertent mixing with cover | corer or auger, bucket loader

or surface residues; may be sealed inside
tube

D Agitated-Bed Sample after tumning or agitation event,

or sample discharge

Difficult access except at discharge, piles | 5-gal pail, spading shovel,

vary along length with age of source

E. Enclosed Vessel Sample from side doers or top port after

Very difficult or impossible access;

S-gal pail, spading shovel,

Ingredients remove surface

mixed, difficult access

agitation potential layering ¢orer, auger

F. Rotating Vessels Sample from discharge/output end or Difficult or impossible to sample except | 5-gal pail, shovel or scoop
take-away conveyor at discharge; output varies with time

G. Compost Curing Remaove chip cover, and dig into depth, Very large piles, non-uniformity, 5-gal pail, spading shovel,

Piles may require bucket loader and multiple difficult access, compaction and corer, auger, bucket loader

depth sampling layering; surface cover mixing

H. Bagged Product Sample multiple bags, cores drawn Bag damage, difficult access 5-gal pail, trowe] or soil-corer

I Source Composite from each pile separately, Non-uniformity may be great, poorly Large pail, shovel; bucket

loader

J. Lab Systems Open system and remove with core

sampler

Small scale, difficult access

S-gal pail, Spatula, trowel,
soil-corer

9.9 Sampling Interval—There are no process-specific
formulas that dictate sampling intervals for source
ingredients and compost, except when biosolids are
composted (Table 02.01-A2). Sampling intervals of
composting materials for reporting purposes may be
fixed by certain regulations. It is advisable to consult
local or state sampling guidelines. As a general rule,
incoming feedstocks should be sampled every two
weeks, or every 3,000 Lo 5,000 tons of finished product.

9.9.1 Formula to estimate sampling interval, d:
§=T+F=«R Equation 9.9.]
where:
$ = sampling interval in days, d
T = sampling threshold in tons (e.g., 4,000 1), t,
F = tons of incoming fecdstock per day, t d™, and
R = weight reduction factor of incoming fecdstock, %.
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9.9.2 Weight Reduction Factor, R:

R=C~+F
where:

Equation 9.9.2

R = weight reduction factor of incoming feedstock, %,
C = mass of finished compost per week, t dw, and
F = mass of incoming feedstock per weck, t dw

NOTE 1A—If the actual weight reduction factor is unknown,

use 0.70 until the actual value ¢

an be detennined. Refer to

Method 03,09 Total Solids and Moisture for a description of
how to determine dry weight of compost and feedstocks.

Table 02.01-A2 Sampling intervals for composted biosolids.

Amount produced
{metric tons of biosolids
compost per 365-day period)

Monitoring Frequency for
Pathogens and Trace Elements

<290
> 290 to < 1,500
= 1,500 10 < 15,000
> 15,000

Once per year (1 yr')

Ome per quarter (4 times yr')
Once per 60 days (6 times yr'!)
Once per month (12 times yrt)

Adapted from US EPA 40CFR503
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9.9.3 Sampling raw sonrce ingredients—Example 1,
Samples shall be taken from incoming material that has
been shredded, tumbled or otherwise reduced in
patticle  size. From the material exiting the
shredder/mixer, one point-sample shali be obtained
every 2 h, over an operational period of 6-8 h, for a
total of 4 samples. Sample size should be
approximately 1000 cm’® (~ 1 qt) per sample. The four
samples shall then be thoroughly mixed together
(composite), and a portion of the mixture (compositc
sub-sample) taken for analysis. If point-sampling
directly from the shredder or mixing mill is not
possible, the incoming material shall be sampled no
more than 24 h after passing through the shredding
equipment.

9.9.4 Example 2—Sampling compost materials. For
each sampling event, a single composite sample shall
be made up of multiple sub-samples for each pile or
batch, unless otherwise directed.

9.9.5 Example 3—Sample locarions. Construct and
fabel a diagram of sample locations for your
composting system. The example provided in TMECC
02.01-B indicates a minimum of fifteen sub-samples
per pile. This procedure establishes a composite or
general characterization of the attributes in a compost
pile.

9.9.5.1 Refer to section 02.01-B for a strategy to
sample generic windrows of compost.

9.9.5.2 Samples collected during the composting
process are not composited in the same manner as
finished samples because point-specific problems must
be identified and monitored. Factors such as anaerobic
materials and volatile fatty acids (VFA) may need to be
determined from point-samples extracted from multiple
locations in the same pile.
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Fig 02.01-A3 Composting technologies.

9.9.6 Example 4—Sample Variance Exercise. The
coefficient of variation {CV) expresses the relative
variability for a parameter of interest across multiple
samples. The CV is expressed as a percentage and
calculated by dividing the sample standard deviation by
the sample mean and multiplied by 100.

9.9.6.1 The ability to distinguish differences
between arithmetically similar sample values decreases
as the CV increases. It is difficult to draw specific
conclusions about analytical results when variability is
high.  Under circumstances where variability is
consistently high either the sampling plan must be
redesighed to account for the excessively high
variability, or the parameter should be discarded as a
standard measure.

9.9.6.2 Consider a hypothetical case where two
standard parameters are used to evaluate compost
stability, C:N and VFA. Assume that the upper limit of
acceptable variability for the parameters are set at 15%
for C:N, and 45% for VFA. Low CV thresholds are
generally assigned 1o system and process critical
measures, and high CV thresholds are assigned to less
critical standard measures.
NOTE 2A—This is a hypothetical case. It may be very difficult
to establish meaningful CV limits without a large amount of
data from many composts across time for a given test
parameter. In addition, depending on the test, an individual test
parameter may show a very large CV for repeated analysis of
one sampie.
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9.9.6.3 In the example given in Table 02.01-A2, the
CV for VFA testing is greater than the CV for C:N
analysis, but the latter is unacceptable, given the use of
the data, whereas the former is acceptable. In this
hypothetical case, large variations across VFA samples
are less significant than smaller variations associated
with C:N. This is because variations in VFA's are
transient and either readily corrected or do not diminish
compost quality relative to its intended use, whereas
highly variable C:N ratios indicate potentially serious
problems with the composting process and product
quality,

Table 62.01-A3 Compost sample data analyzed for variability

Sample C:N Ratio VFA mg kg

1 35 12,000

2 19 18,000

3 39 19,000

4 » 25,000

5 42 9,000
Average: 34 16,600
Standard Deviation; 10.3 6,268
%CV: 33 38
Acceptable CV: 15% 45%
Suitabilitv of Data: REJECT ACCEPT

9.10 Sampler  Devices—There is no  single
standardized compost sampling device. Tools and
devices for soil and forage sampling are relatively
simple and efficient and are wuseful for compost
sampling, but they have severe limitations.

9.10.} Slotted Tube Sampler—Single or double,
slotted tube and rod, all slotted ends and a minimum 5-
cm (2-in.) dismeter. The Pennsylvania State Forage
Sampler, or equivalent, is a satisfactory core sampler
for composts that do not contain significant foreign
objects. ‘

9.10.2 Shovel—Standard long, handled, pointed tip;
typical horticultural narrow shovel, cleaned well with
soapy water, rinsed, and dried between samples.

9.10.3 Thief Sampler,
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9.10.4 Trier,
9.10.5 Pipe—PVC or plastic,
9.10.6 Tarpaulin—plastic,

9.10.7 Pail—16- 10 20-L (4- to 5-gal), square pails.
Use standard 5-gal plastic pails only when square pails
are not available (ee., square pails are available through
Cleveland Bottle & Supply Co.; 850 East 77th Street; Cleveland, OH
44103; telephone: 216 881 3330; FAX: 216 881 7325: URL:
hitp/fwww clevelandbottle com/squrpail. himl).  Pails must be
cleancd well with soapy water, rinsed, and dried
between samples,

9.10.8 Trowel—Standard  garden, high-density
polypropylene (HDPP) for sub-sample mixing and bag-
filling; trowels must be cleaned well with soapy water,
rinsed, and dried between samples,

9.10.9 Sample Containers—\ise a container that is
appropriate for the laboratory analysis to be performed
on the collected compost sample. Refer 1o Tabies
02.01-2 through 02.01-6, and Figure 02.01-B3,

9.10. 1t Labels and Logbook

9.10.10.1 Labels—Name of technician, operator,
inspector, facility name, pile identification, date, time,
sample number and location in pile using length, width
and height coordinates from an identified end and depth
from surface measured perpendicular to surface,
purpose of sampleftest, method of sample preservation.

9.10.10.2 Logbook—Name of technician, operator,
or inspector; and facility name. Pile data including:
pile identification; feedstock-mix; type of pile; date
started; weather conditions at time of sampling (for
exposed piles only); pile orientation relative to natural
drainage. Sample data including: date and time of
sample collection; location where samples were
collected in pile using length, width and height
coordinates from an identified end and depth from
surface measured horizontally; description of the
sampling point; purpose of sampleftest, method of
sample preservation, point or composite sample;
number and volume of the samples laken; date and time
samples were shipped.
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Test Method:

Selection of Sampling Locations for Windrows and Piles Units: NA

Test Method Applications

Process Management Product Attributes
Step 1: Srep 2: St 3¢ Step 4; Step 5. Nlepr 6 Stepr 7 Safery Market
Feedstock Feedstork Comiposting Odor Treatment Compost Curing Compost Compast Standards Attribures
Recovery Preparation Sereening and Storing and
Refining Packaging
02.01-B 02.01-B 02.01-B 02.01-B 02.01-B 02.01-B 02.01-B

02.01-B  SELECTION OF SAMPLING LOCATIONS FOR WINDROWS AND PILES
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1

2 3 4 5 6 7 8 9 10
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11 12 13 14 15 16 17 18 19 20

Fig 02.01-B1 Hypothetical sample collection pattern from a compost windrow.

NOTE 1B—In this example, & scale from 1-20 is superimposed
on the long dimension of a compost windrow. Five distances
(3,6, 10, 13 and 18 m) are randomly selected to each side of
the windrow, (e.g., numbers randomly pulled from a hat), 1o
assign sample cellection locatiens. Point-samples are collected
from within three zones at each cutout.

NOTE 2B—The illustrated cut-outs are depicted on one side of
the windrow; in a real operation, the cut-outs must be randomly
assigned 1o each side of the windrow. Cone-shaped piles have
a circular base. Measure around the base of a cone-shaped pile
and randomly assign cutout positions along the pile’s meridian,
or circumference.

10. Apparatus for Method B

10.1 Sampling Comainer—five 16- to 20-L (4- to 5-
gal), plastic (HDPP), glass.

10.1.1 Organic Contaminant Tests—For samples to
be analyzed for the presence of organic contaminants,
please refer to Table 02.01-6 Organic Contaminant
Tests: Sampling containers and conditions for compost
and source ingredient testing.  Modify sample
packaging steps presented in this section accordingly.

10.2 Sampling Device—silage auger, tilling spade, or
other appropriate sampling device.

10.3 Tractor Loader—with loader, (e.g., Bobcat,
ctc.).

10.4 Trowel—high-density polypropylene (HDPP),
tor stirring and mixing composite sample. '

10.5 Pail—16- 10 20-L (4- to 5-gal), square pails, Use
standard 5-gal plastic pails for shipping only when
squarc pails are nol available (e.g., square pails arc available

through Cleveland Bottle & Supply Co.: 850 East 77th Strect;
Cleveland, OH 44103 telephone: 216 881 3330; Fax: 216 881 7325,

URL: http:/fwww.clevelandbottie. com/squrpail.humt).

11. Reagents and Materials for Methed B

11.1 Plasiic Bags—hree 4-1 (1 gal) durable bags
with seal, (e.g., Ziploc® Freezer bags).
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11.2 Plastic Gloves.

11.3 Tarp—clean plastic, canvas, or other type of
mixing surface if feedstock is liquid sludge.

11.4 Cold Packs—chemical ice packs, or 4-L plastic
bags (e.g., heavy duty Ziploc® freezer bags) filled with
approximately 0.5 1. of water and frozen flat. One ice
pack per 4-L sample container of compost to be
shipped, (e.g., three ice packs are recommended for
three compost 4-L samples).

11,5 Afuminum Foil—lining for plastic shipping pail,
and

11.6 Packing  Material—newspaper or  other
appropriate bulking material to be used as packing or
fil! to minimize sample movement within the shipping
container (square pail) during shipping.

11.7 Adhesive Tape—duct tape, 5-cm (2-in.) width,

12. Procedures for Method B

12.1 Cut into Finished Compost—VUsing tractor skid-
loader, bobcat or shovel, or sample boring device, cut
into the finished compost pile or windrow at five or
more randomly selected positions. Collect samples
from the full profile and breadth of the compost
windrow or pile. Refer (o Fig 02.01-B1,

12.2 Collect  Point-Samples—Samples of  equal
volume are extracled from the compost pile at three
depths ot zones measured [rom the pile's uppermost
surface. Collect no less than five point-samples from
each of the three depths or zones illustrated in Fig
02.01-B2. The five point samples for each zone must
be collected in a manner to accurately represent the
horizontal cross-section of the windrow or pile, Use a
sanitized sampling too! (a gloved hand, clean shovel or
auger) when collecting samples and when transfetring
samples to the 5-gal sample collection pail.

Test Merthods for the Examination of Composting and Compost



Fig 02.01-B2 Five horizontally dispersed point-samples are
cotlected from each of three depths or zones within each cutout,

NOTE 3B—{1) upper '3 of compost profile height; (2) middte
'3 of compost profile height; and (3) lower 3 of compost
profilc height, where compost pile does not cxceed the
recotnmended overall height of 3 m. Create more than three
sampling depths of zones within each cutout when the curing
pile exceeds a height of 3 m, retative variability is high or the
property of interest is found at very low concentrations, near the
laboratory detection limit,
12.3 Composite Poini-Samples—Place all 15 poini
samples from one cutout together into one sanitized
plastic pail. Completely mix the point samples by
stitring thoroughly with a sanitized wooden stick or
lath, and by covering and shaking the pail to further
mix the samples.

12.3.1 Repeat the blending process at least four times
until all point samples are thoroughly blended to form
one composite sample that accurately represents the
compost for the cutout.

12.3.2 Proceed to the next compost sample cutout
and repeat this process to collect one thoroughly
blended composite sample from each of the five
cutouts.

12.3.3 Composite  Sample—Transfer  the five
composite samples from the sample collection pails
onto 2 mixing tarp or other appropriately sanitized
surface or container, such as into a large pail where all
samples can be mixed, blended and then covered to
minimize moisture loss. Thoroughly blend the five
composite samples to form one large sample that
represents the average condition of the entire batch or
windrow in question.

12.3.3.1 Quarter the composite sample and
thoroughly mix and quarter again. Continue to
subdivide and split the sample into quarters and mix as
described until sample size reaches approximately 12 L
(3 gal).

12.4 Stratified Sampling—This sample collection
strategy is usced to evaluate for the presence of spatial
variations or gradients in compost characteristics across
and through a windrow or pile.

12.4.1 Swratified Samples across Cutouts—Use this
sampling strategy to test for differences in compost
characteristics between sample cutouts and along the
longer dimension of a windrow. Do not composite
materials from the five separate cutouts when
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monitoring for the presence of gradients along the
longer dimension of a windrow, Pack and prepare five
separate sampies (i.e., five separate composite samples,
one from each cutout) for shipment as described in step
12.5.

12.4.2 Stratified Samples within Cutouts—Use this
sampling strategy to evaluate for the presence of spatial
variations or gradients that occur with changes in pile
depth or distance from the windrow core to its surface.

12.5 Prepare for Shipment and Storage:

12.5.1 Transfer the biended compost te three 4-L {1-
gal) sample bags, (e.g., plastic Ziploc® freezer bags).

12.5.2 Line the shipment pail with aluminum foii or
other reflective material to minimize sample heat-gain,
Place the sample bags containing the compost sample
into the plastic pail and interleave with ice packs for
shipping (refer to Fig 02.01-B3).

12.5.3 Cover the pail with its lid. Seal and secure the
lid with a packing tape. Send the sample pail by one-
day express delivery service to your selected laboratory
for analysis. Include a chain of custody information
sheet with environmental regulatory samples (Refer to
Method 02.01-E).

NOTE 3B—Maintain cool samples at 4°C (39.2°F) to diminish

microbial and chemical activity prior to and during sample
shipment.

Foil lined plastic pail {id

Foil lincd shipping pail

Fig 02.01-B3 Preparation for shipment.
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02.01-C  FIELD SAMPLING PLAN FOR COMPOSTED MATERIAL

13. US EPA SW-846 Guideline Review and
Considerations

13.1 With its hazardous waste management system,
the US EPA requires that cetfain solid wastes be
analyzed for physical and chemical properties. In its
hazardous waste management system, it is mostly
chemical properties that are of concern, and in the case
of a number of chemical components, the US EPA has
promulgated levels (regulatory thresholds) that cannot
be equaled or exceeded.

13.1.1 Regulations pertaining to the management of
hazardous waste contain three references regarding the
sampling of solid wastes for analytical purposes:

13.1.1.1 Collect representative samples of waste, so
that they exhibit average properties of the bulk compost
or feedstock.

13.1.1.2 Collect enough samples (but no less than
four samples) over a period of time sufficient to
represent the variability of the compost or feedstock.

13.2 Sampling Plan Implementation—The US EPA
manual contains a section on implementation of the
sampling plan (SW-846 Chapter Nine, part 2). Within
that section there is discussion concerning the sampling
program's objectives for evaluating a compost. (Refer
to Fig 03.01 Sample fate).

13.2.1 The example suggests the following questions
be answered:

13.2.1.1 Is the sampling being performed to comply
with environmental regulation?

13.2.1.2 Samples are to be analyzed for which
parameters?

13.2.1.3 Why not others?

13.2.1.4 Should samples be analyzed for fewer
parameters?

13.2.1.5 What is the end-use of the generated data?

13.2.1.6 What are the required degrees of accuracy
and precision?

13.2.2 These questions may or may nol be as
important for sampling composted solid waste.

13.3 Sampling Plan Considerations—The
implementation scction contains a category entitled
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Sampling Plan Considerations. The sampling plan is

usually a written document that describes the
objectives, and details the individual tasks and how
they will be performed. The more detailed the
sampling plan, the less opportunity for oversight or
misunderstanding during sampling, analysis, and data
management.

13.3.1 The SW-846 document suggests that a
sampling plan be designed with input from the various
sectors involved in the project, including the following
personnel:

13.3.1.1 regulatory sampling—in many cases may
require state permits and consultations with state
officials.

13.3.1.2 end-user—10 use the data to attain program
objectives.

13.3.1.3 field team member—an experienced
member of the field team who actually collects
samples.

13.3.1.4 analytical chemist—to review analytical
requirements for sampling, preservation, and holding
times that will be included in the sampling plan,

13.3.1.5 process engineer or equivalent—it explain
details and constraints of the production process being
sampled.

13.3.1.6 statistician—to  review the sampling
approach and verify that the resulting data will be
suilable for any required statistical calculations for
decisions.

13.3.2 quality assurance represeniative—to teview
the applicability of standard operating procedures and
determine the number of blanks, duplicates, spike
samples, and other steps required to document the
accuracy and precision of the resulting data.

13.33 If no cne is familiar with the site to be
sampled, then a pre-sampling site visit should be
arranged to acquire site-specific information. Some
modifications of the sampling plan may be necessary.
It is necessary to have at least one experienced sampler
as a member of a sampling team.

14. Statistical Validity of Sampling Plan
14.1 Objectives—The primary objective of a
sampling plan for a compost is to collect an appropriate
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nomber of representative samples and subsamples for
accurate and precise measurement of the chemical,
physical and biological properties of the compost. If
the chemical measurements are sufficiently accurate
and precise, they will be considered reliable estimates
of the chemical properties of the compost,

14.1.1 Generally, high degrees of accuracy and
precision are required if one or more chemical
components of compost are present at a concentration
that is close to the applicable regulatory threshold.
Alternatively, relatively low accuracy and low precision
can be tolerated if the components of concern occur at
fevels far below or far above their applicable
thresholds. Low sampling precision is often associated
with considerable savings in analytical costs, as well as
expenses associated with sampling; and is clearly
recognizable even in the simplest of statistical tests.
However, low sampling accuracy may not entail cost
savings and is always obscured in statistical tests (i.c., it
cannot be evaluated). Although it is often desirable to
design sampling plans for compost to achieve only the
minimally required precision (at least two samples are
required for any estimate of precision), it is prudent to
design the plans to attain the greatest possible accuracy.

14.2 Composite Sampling—For composite sampling,
a number of random subsamples are initially collected
and combined into a single sample, which is analyzed
for the chemical constituents of ‘concern., The major
disadvantage of composite sampiing, as compared with
non-composite sampling, is loss of information about
the spatial variability of chemical constituents because
only a single cstimate of the parameter is generated.
The benefit is that a credible, general representation of
the entire compost pile is generated from a large
number of subsamples which are composited.

14.3 Sampling Quality Assurance/Quality  Controf
(QA/QC):

14.3.1 Make sure all sampling equipment and
containers are clean. If equipment is used to collect

multiple samples, provisions for cleaning and
decontamination are required between samples.

14.3.2 Properly label all samples and keep accurate
records. Record as much information on sample labels
as possible prior to arriving at the site. Sample labels
and field notes should include material type, location,
date, approximate age of compost, sampler's name,
special  sampling procedures used, analytical
procedures to be performed, preservatives added (if
any), and any special observations or incidents during
the sampling event,

14.3.3 Point-samples must be stored in a refrigerator
(4°C) before analysis when delays in shipment to
laboratory are anticipated.  This preservation is
especially important for feed stock samples, compost to
be evaluated for stabilization or maturity, or
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microbiological analysis. Chemical quality changes
that may take place due to microbiological activity
between sample collection and laboratory analysis
should be avoided.

14.3.4 Chain of custody forms and procedures should
be used with all environmental samples.

14.4 Other  Sampling  Considerations—Compost
samples are taken at each facility for a variety of
purposes. Varying levels ol expertise and quality
assurance are required depending on the sampling
purpose or objective. A unique sampling protocol
should be developed for each specific objective. This
information should be detailed in a facility operation
and maintenance {(O&M) manual and be accessible to
all facility staff,

14.4.1 Key process variables including porosity,
nutrient balance, oxygen, moisture, temperature and
time are monitored and controlled on a continual or
daily basis. Measurements of weight and volume of
waste arriving and compost leaving the facility arc
necessary for planning material movements, personnel
and transportation requirements, and maintaining
facility aesthetics. Although this is the most frequent
type of sampling conducted, the sampling quality
assurance requirements are the least signiftcant for
these activities.  Generally, process control and
material handling data do not need to be precise to be
useful, (e.g., appropriate application of quick-tests).
Regulatory compliance and product aitribute data must
be highly precise and accurate, (e.g., statistically valid
sampling program to accurately estimate the average
value of interest).

14.5 Sampling Frequency—Operating permits for
compost sites require that concentrations of certain
constituents of environmental concern be evaluated,
{e.g., As, Ba, Cd, Cu, Cr, Hg, Mn, Mo, Ni, Pb, Se, Zn,

" pathogens such as Salmonella and fecal coliform, and

organic compounds such as PCB's, PCP's, dioxins,
furans, organochlorine and  organophosphorus
pesticides). Regulatory agencies establish compliance
using individual sample results. 1 is, therefore, very
important that sample collection and preparation
techniques provide representative samples.

NOTE IC—As much as 20,000 m® of compost may be
represented by one subsample os small as [ g. Because of this,
it is vital that the sample be representative of the total material,
Quality control and guality asswrance for quarterly festing
must be greater than that emploved for routine daily
monitoring.

14.6 Statistical Technigues—Siatistical techniques for
obtaining accurate and precise samples are relatively
simple and easy to implement Accurate
representations of an entire compost pile or batch may
be achieved through random sampling. In random
sampling, every unit in the population has a
theoretically equal chance of being sampled and
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measured. Consequently, statistics generated by the
sample (e.g. sample mean and to a lesser degree,
standard deviation) are unbiased estimators of true
population parameters.  That is, the sample is
representative of the population. A common method of
selecting a random sample is to divide the population
by an imaginary grid, assign a series of consecutive
numbers to the units of the grid, and select the number
1o be sampled using a random-numbers table.

NOTE 2C—Haphazardly selected samples are not random and
therefore not a suitable substitute for a randomly selected
sample. That is becausc there is no assurance that a person
performing undisciplined sampling will not consciously or
suhconsciously favor the selection of certain units of the
population.

14.6.1 Sampling precision is achieved by collecting
the appropriate number of samples that are uniformly
distributed across the entire volume of compost,
Precision is improved by increasing the number of
samples, while maintaining a sampling pattern to
guarantee a spatially uniform distribution.

1462 If a batch of compost is randomly
heterogeneous  with  regard to its  chemical
characteristics and if that random chemical

heterogeneity remains constant from batch to batch,
accuracy and appropriate precision can usually be
achieved by simple or systematic random sampling.
More complex stratified random sampling is
appropriate if a batch of compost is known to be non-
randomly heterogeneous in terms of its chemical
properties and non-random chemical heterogeneity is
known to exist from batch to batch. In such cases, the
population is stratified to isolate the known sources of
non-random chemical heterogeneity. The units in each
stratum are numerically identified, and a simple random
sample is taken from ecach stratum, This type of
sampling would be advantageous only if the
stratification efficiemly divides the waste into strata
that exhibit maximum between-strata variability and
minimum within-strata variability. In composted solid
waste that is frequently turned and mixed, little if any
stratification is likely to occur. If litle or no
information is available concerning the distribution of
chemical components, simple or systematic random
sampling are the most appropriate sampling strategies.

14.7 Number of Samples—The appropriate number of
samples to collect is the least number required to
generale a sufficiently precise estimate of the true mean
concentration of a chemical component of a compost.
From the compost producer’s perspective, this means
that the minimum number of samples needed to
demonstrate that the upper limit of the confidence
interval for the true mean is less than the applicable
regulatoiy threshold value. 1t is always prudent to
collect a greater number of samples than indicated by
preliminary estimates ol the mean and variance since
peor preliminary estimates of thosc statistics can result
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in an underestimate of the appropriate number of
samples to collect.

14.8 Simple Random Sampling—For convenience, the

statistical calculations for simple random sampling
(wherein within-batch heterogeneity that may be
encountered by a compost producer is low) are
provided (adapted from SW-846 Chapter Nine, part 2,
pages 13-14),

14.8.1 Obtain preliminary cstimate of X for each
chemical component of compost that is of concern.
The above-identified statistic is calculated by Equation
14.8.1.

i= N Equation 14.8.1
where:
X = simple random sample mean,

n = total number of sample measurements,
x= variable in question (e.g., mercury),

i = individual samples ranging from 1 to », and
H

X

i=l " = sum of all x's (analytical results for individual
samples), from i =1 through i =n.
14.8.2 Obtain preliminary estimate of variance, §°,
for each chemical component of concern. The above-
identified statistic is calculated by Iiquation 14.8.2.

b))

§7w Equation 14.8.2
where:
2 . -
s°= variance of simple random sample,
# = total number of sample measurements,
x = variable in question (e.g.. mercury), and
i= individual samples ranging from 1 to n.

14.8.3 Estimate the appropriate number of samples
{ny) to be collected from the compost through use of
Equation 14.8.3 and Table 02.01-Cl.  Derive
individual values of #; for each chemical component of
concern (x). The appropriate number of samples to be
taken from the compost is the greatest of the individual
iy values.

s’
n= A’ FEquation 14.8.3
where:
A= number of samples,
t = tabulated ¢ valuc for two-tailed

confidence interval and a probability ot 0.20,
5= sample variance, and
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A% =  the square of the regulatory threshold
minus sample average. defined by US EPA, (e.p., 100
mg kg™ for barium in elutriate of EP toxicity).

Table 02.01-C1 Tabulated values of Student’s “t” for evaluating

compaost.
Degrees of Tabulated "t" | Degreesof Tabulated “t"
freedom value Sfreedon value
(n-1) {n-1)

1 3.078 16 1.337

2 1.886 17 1.333

3 1.638 18 1.330

4 1.533 19 1.328

5 1.476 20 1.325

6 1.440 21 1.323

7 1.415 22 1.321

8 1.397 23 £.319

9 1.393 24 1.318
10 1.372 25 1.316
11 1.363 26 1.315
12 1.356 27 1.314
13 1.350 28 1.313
14 1,345 29 1.311
15 1.34t 30 1.310
a0 1.303

60 1.296

120 1.289

14.8.3.1 Randomly collect at least ny (or #3 - ny, #3
~ ny, elc., as will be indicated in step 8) samples from
the compost. Maximize the physical size (volume) of
all samples that are collected from the strata,

NOTE 3C—Collection of a few extra samples will provide

protection against poor preliminary estimates of ¥ and s°.

14.8.3.2 Analyze the ny (or ns - 1y, 1y - 13, elc.)
samples for each chemical component of concern.
Superficially (graphically) examine each set of
analytical data from each stratum for obvious
departures from normality.

14.8.4 Calculate the standard deviation (5) for each
set of analytical data by Equations 14.8.1, 14.8.2,
14.8.4 and 14.8.5. '

5= 1/»5_'2 Equation 14.8.4

14.8.5 Calculate X, 5%, and standard error (s for

each set of analytical data by, Equations 14.8.1. 14.8.2,
and 14.8.5,

5
Sy = JI_? Equation 14.8.5

14.8.5.1 If X for a chemical component is equal to
or greater than the applicable regulatory threshold
{from Equation 14.8.3) and is believed to be an
accurale estimator of g (population mean), the
component is considered to be present in the compost
at a hazardous concentration, and the study is
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completed. Otherwise, continue the study. In the case
of a set of analytical data that does not exhibit obvious
abnormality and for which X is greater than s°,
perform the following calculations with non-
transformed data. Otherwise, consider transforming the
data by the square root transformation (if X is about
equal to 5°) or the arcsine transformation (if’ X is less
than s%) and performing all subsequent calculations with
transformed data.

14.8.6 Determine the confidence interval (CI) for
each chemical component of concern by Equation
14.8.6. If the upper limit of the Cl is less than the
applicable regulatory threshold (applied in Equation
14.8.3), the chemical component is not considered to be
present in the compost at a hazardous concentration,
and the study is completed. Otherwise, the opposite
conclusion is tentatively reached.

cI= ¥+ 10208
where:
£0.20 = raferred to in Table 02.01-C1 Tabulated values of

Student’s “t” for evaluating compost for
appropriate degrees of freedom.

14.8.7 If a tentative conclusion of hazard is reached,
re-estimate the total number of samples (ny) to be
collected from the compost by use of Equation 14.8.3.
When deriving »;, employ the newly calculated {(not
preliminary) values of X and 57, If additional ny - n;
samples of compost cannot reasonably be collected, the
study is completed, and a definitive conclusion of
hazard is reached. Otherwise, collect an extra n - n
samples of compost.

Equation 14.8.6

14.8.8 Repeat the basic operations described in Steps
14.8.3 through 14.8.7 until the compost is judged to be
non-hazardous or, if the opposite conclusion continues
to be reached, until increased sampling effort is
impractical.

14.9 Stratified Random Sampling—For convenience,
the statistical calculation steps for stratified random
sampling that must be performed in situations that may
be encountered by a compost producer where within-
batch heterogeneity is high are provided below (from
SW-846 Chapter Nine, part 2, pages 18-19).

14.9.1 Obtain preliminary estimate of X for each
chemical component of concern.  The identified
statistic is calculated by Equation 14.9.1,
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i
- WX
X = g=i Egquation 14.9.]
where:
X = stratified random sampie mean,
X, = stratum mean, and
W = fraction of population represented by stratum &

(number of strata fk] range from 1 to #).
14.9.2 Obtain preliminary estimate of s° for each
chemical component of compost that is of concern.
The identified statistic is calculated by Equation 14.9.2,

r
. XWisi
= =1 Equation 14.9.2
where:
s* = stratified random sample variance,
S} = stratum variance, and
Wi

fraction of population represented by stratum &
(number of strata /] range from | to r).

£4.9.3 Estimate the appropriate number of samples
{ny) to be collected from the compost through use of
Equation 14.8.3 and Table 02.01-A]1 Tabulated values
of Student’s *t” for evalualing compost. Derive
individual vakues of n; for each chemical component of
concern, The appropriate number of samples to be
taken from the compost is the greatest of the individual
n; values.

14.9.4 Randomly collect at least #; (or n; - ny, n3 -
n, etc., as will be indicated in step 8) samples from the
compost. If s; for each stratum (sec Equation 14.9.2) is
believed to be an accurate estimate, optimally allocate
samples among strata (i.e., locate samples among strata
5o that the number of samples collected from each
stratum is directly proportional to the sy for that
stratum). Otherwise, proportionally ailocate samples
among strata according to size of the strata. Maximize
the physical size (volume) of all samples that are
collected from the strata.

14.9.5 Analyze the ny {or n2 - n; B3 - 3, etc)
samples for each chemical component of concern.
Superficially (graphically) examine each set of
anafytical data from each stratum for obvious
departures from normality.
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14.9.6 Calculate X, &7, the standard deviation (),
and sy for each set of analytical data by, respectively,

Equations 14.9.1, 14.9.2, 14.8.4 and 14.8.5.

14.9.7 If X for a chemical component is equal to or
greater than the applicable regulatory threshold (from
Equation 14.8.3) and is believed to be an accurate
estimator of W (population mean), the component is
considered to be present in the compost at a hazardous
concentration, and. the study is completed. Otherwise,
continue the study. In the case of a set of analytical
data that does not ¢xhibit obvious abnormality and for
which X is greater than s°, perform the following
calculations with non-transformed data. Otherwise,
consider transforming the data by the square root
transformation (if X is about equa! to 5°) or the arcsine

transformation (if ¥ is less than 5°) and performing all
subsequent calculations with transformed data.

14.9.8 Determine the confidence interval (CI) for
each chemical component of concern by Equation
14.8.6. If the upper limit of the CI is less than the
applicable regulatory threshold (applied in Equation
14.8.3), the chemical component is not considered to be
present in the compost at a hazardous concentration,
and the study is completed. Otherwise, the opposite
conclusion is tentativety reached.

14.9.9 If a tentative conclusion of hazard is reached,
re-estimate the total number of samples (ny) to be
collected from the compost by use of Equation 14.8.3.
When deriving sz, employ the newly calculated (not

preliminary) values of X and s, If additional ny - n;

samples of compost cannot reasonably be collected, the
study is completed, and a definitive conclusion of
hazard is reached. Otherwise, collect an extra ny - 1y
samples of compost. :

14.9.10 Repeal the basic operations described in
Steps 14.9.3 through 14.9.9 of Fig 02.01-1 Composting
Unit Operations, until the compost is judged to be non-
hazardous or if the opposite conclusion continues to be
reached until increased sampling effort is impractical.

Test Methods for the Examination of Composting and Contpost



Sample Collection and Laboratory Preparation
02.01 Field Sampling of Compost Materials

Test Method: Composting Feedstock Material Sampling Strategies Units: NA
Test Method Applications

Process Management Praduct Attributes
Step 1: Step 2: Step 3: Neepr . Sieyr 5; Step 6: Step 7: Safety Market
Fuedstock Feedstack Composting Odoy Trealment Compost Curing | Compont Compost Standards Attributes
Recovery Preparation Sercening and Storing and

Refiting Packaging
02.01-D 02.01-D

02.01-D BATCH FEEDSTOCK MATERIAL SAMPLING STRATEGIES

15. Apparatus for Method D

15.1 Sampling Container—20-L (5-gal),
steel, plastic, glass or Teflon.

stainless

15.2 Sampling Device—wooden spatula or tiling
spade, etc.
15.3 Trowel—high-density polypropylene (HDPP).

15.4 Plastic Storage Pail—20-L (5-gal), square pails,
Use standard 5-galfon plastic pails only when square
pails are not available (e.g., Cleveland Bottle & Supply
Co.; B50 East 77th Street; Cleveland, OH 44103;
tetephone: 216 88t 3330; Fax: 216 881 7325; URL:
www.clevelandbottle.com/squrpail.html.

16. Reagents and Materials for Method D
16.1 Plastic Gloves.

16.2 Tarp—clean plastic, canvas, or other type of
mixing surface if feedstock is liquid sludge.

16.3 Plastic Bags—three 4-L (1 gal) Ziploc® freezer
bags.

16.4 Cold Packs—chemical ice packs,

16.5 Aluminum Foil—lining for plastic shipping pail,
and

16.6 Adhesive Tape—duct tape, 5-cm (2-in.) width.

17. Procedure for Method D

17.1 Sample Collection—Identify and collect an
appropriate number of subsamples needed to ensure a

reliable analytical result as described in Methods
02.01-A, BorC. '

17.1.1 Place each
(subsample) container,

subsample into a sampling

Test Methods for the Examination of Composting and Compost

17.1.2 Transfer the contents of the subsample
container onto (into) mixing surface (container} and
proceed to the next randomly selected sample point.

17.1.3 Repeat steps 17.1.1 and 17.1.2 until the
predetermined number of subsamples is obtained.

17.2 Sample Mixing—Place subsamples on clean tarp

or other similar mixing platform, mix sub-samples
thoroughly using a wooden spatula or comparable
sampling tool.

17.3 Sample Splitting—Subdivide sample into
quarters, thoroughly mixed composite sample into
fourths. Repeat steps 17.2 and 17.3 until sample size is
appropriate for intended analysis.

17.4 Sample Storage and Shipping—Place composite
sample aliquot in clean container, preferably a Teflon
pail or similar inert material.

CAUTION—Do not use galvanized sheet metal collection or

mixing tools. The galvanized coating will contaminate the

sample with zinc.

17.4.1 Transfer blended feedstock or compost to fill
three 4-L (1-gal) plastic Ziploc® freezer bags.

17.4.2 Line the shipment pail with aluminum foil to
minimize heat exchange. Place the plastic Ziploc®
freezer bags containing the feedstock samples in the
plastic pail and interleave with cold packs for shipping
(refer to Fig 02.01-B3).

17.4.3 Seal the square pail with its lid. Seal and
secure lid with duct tape. Send the square plastic pail
containing samples by two-day express service to the
selected laboratory for analysis. Include completed
chain of custody forms when necessary.

NOTE 1D—If any delay is anticipated. cool sample {0 4°C

{39.2°F) to diminish microbial and chemical activity prior to
sample shipment,
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Sample Collection and Laboratory Preparation
Field Sampling of Compost Materials 02.01

Test Method: Data Quality Management and Sample Chain of Custody J Units: N4
Test Method Applications

Process Management Product Atiributes
Step 1 Step 2 Stegr 3: Step 4: Step 5: Step 6: Step 7. Safety Market
Feedstock Feedstock Composting Odor Treatment Compast Curing Compost Compost Standards Atrrituites
Recovery Preparation Sercening and Storing and

Refining Packaging
02.01-E 02,01-E 02.01-E 0201-E 02.01-E 0201-E

02.01-E DATA QUALITY MANAGEMENT AND SAMPLE CHAIN OF CUSTODY

18. Aspects of Sampling Quality Assurance for
Reported Data

18.1 Three critical steps in the sampling process
precede laboratory analysis and often dictate data
quality,

18.1.1 sample planning and collection;

18.1.2 sample handling and preservation; and

18.1.3 laboratory sample preparation.

18.2 Each step in the sampling process must be
properly executed in a timely manner by well informed,
trained individuals to ensure that the collected sample
accurately represents a compost batch, windrow or pile.

18.3 Quality Sample Management—Regulatory and
certification systems may dictate that samples are
properly collected, preserved and prepared for analysis.
Consider the following hypothetical example of sample
management where a certified third party is introduced
to manage the sampling plan,

18.3.1 The third party assumes all quality assurance
and quality control responsibilities associated with:

18.3.1.1 sample planning and collection;
18.3.1.2 sample handling and preservation; and
18.3.1.3 laboratory sample preparation.

18.3.2 Responsibility for rigorous sample collection
is transferred from facility management to the third
party. Responsibilities associated with sample storage,
preparation and laboratory analysis are also transferred
from the analytical laboratory to the third party,

18.3.3 One of the principal benefits of the third party
sampling system is to diminish deviations in sampling
plan interpretation and implementation across scparate
facilitics and laboratories. Third party control can
decrease variability by maintaining consistent field
sampling protocols across all participating facilitics.
Fietd sample collections would be implemented as
described in TMECC 02.01 Field Sampling of Compaost
Materials. Consistent sample preparation protocols
would also be followed for laboratory analysis as
described in TMECC 02.02 Laboratory Sample
Preparation for Analysis.
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18.4 Tracking Quality—A sample must be properly
collected and prepared for shipment, and then properly
manipulated by laboratory personnel who follow
specific preparation protocols designed for each
analytical methedoelogy. Previous sections emphasized
the importance of properly designed and implemented
sampling plans. This section introduces a protocoel
designed to modify data interpretation to interpret
sample variability.

18.4.1 Consider the following hypothetical sampling
plan that incorporates an additional step to verify
accuracy of reported results using cross-validation
techniques. One type of a statistically valid sample
management plan requires that samples are properly
collected at a very high frequency while the actual
number of samples submitted for analysis remains
small.

18.4.1.1 Establish Baseline—A significant number
of samples that represent the composting process of a
facility are collected over time and sent to a laboratory
for analysis, Results from these samples serve to
establish a baseline of information that accurately
represents the compost produced by the facility and a
given feedstock blend.

18.4.1.2' Track Deviations from Baseline—After the
baseline is established, samples are collected at
specified intervals, over time or per unit of compost
produced {refer to TMECC 02.01-4 Equation 9.9.1
Fornula to estimate sampling interval), and held in
cold storage. After a specified interval, (e.g., quarterly
or monthly) a small but statically representative number
of prepared samples are randomly selected from the
stored samples and sent to a laboratory for analysis.
Because multiple samples would be randomliy selected
from a larger population of samples, a more reliable
statistical inference can be gencrated than by simply
directly submitting monthly or quarterly samples for
analysis.

18.4.2 Sampling programs of this nature may require
that field samples, or samples prepared for laboratory
analysis, are submitted to a secure or bonded cold-
storage facility where frequently collected samples are
inventoried and properly stored. Samples must be
retained in storage for a predetermined time period to

Test Methods for the Examination of Composting and Compost



safeguard against cases where a need for re-testing may
arise.

18.4.3 Sampling Costs—Sampling program
maintenance costs should be considered when
designing an effective monitoring system. It is difficult
to weigh the relative importance of data quality when
there is no clear relationship between financial outcome

Test Methods for the Examination of Compesting and Compost

Sample Collection and Laboratory Preparation
02.01 Field Sampling of Compost Materials

and monitoring protocol. Successful implementation
will increase when data quality relates to an increased
tinancial incentive, either artificially through incentives
offered by the governing regulatory agency or through
quality assurance certification programs designed to
indirectly increase market share,
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Sample Collection and Laboratory Preparation
Field Sampling of Compost Materials 02.01

02.01

19. Report

19.1 Chain of custody forms and procedures should
be used with all environmental or regulatory samples.
A chain of custody form is used to track sample
handling from time of cotlection through laboratory
analysis, and data reporting. Suggested information for
the chain-of-custody record includes, at a minimum:
Collector’s name; Signature of collector; Date and time
of collection; Place and address of collection;
Requested preprocessing (subsampling, compositing,
sieving); Requested analyses; Sample code number for
each sample (if used); Signature of the persons

August 27, 2001
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SUMMARY

involved in the chain of possession. Refer to Fig
02.01-E1 Chain of Custody form for an example.

20. Keywords

20.1 accuracy; aliquot; attribute verification; bias;
chain of custody; closed vessel sysiem; composile;
compost; coefficient of variation; %CV, confidence
interval; feedstock; grab-sample; point-sample; point-
sampling;, open vessel system; precision, process
monitoring; process variability; product variability;
quality control; quality assurance; representative
sample; sample collection frequency; sampling;
sampling plan; statistical validity; stratified sampling;
windrow. ‘
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OFFICIAL Seal of Testing Assurance
Compost Sample Chain of Custody Form

STA Laboratory: _Soil Control Lab Tel: 831724422
Address: 42 Hangar Way FAX: 831-724-3188
e Email: Frank@compostliab.com
City, State Zip code:  Watsonville, CA 95076
Client/Reporting Company: Novozymes Nature's GREEN-RELEAF Tel: 919-494-3489
Contact Name:  Frank Franciosi FAX: 9194941472

Billing Address:

City, State Zip code:

PO Box

_Franklinton, NC 27525-0576

Email: frir@novozymes.com

Send Results to:
City, State Zip code:

Same as above

Name or Source of Sample(s): _Nature's GREEN-RELEAF Compost

Name of Person(s), Sample Collector{s):

Frank Franciosi

LABORATORY USE ONLY  Storage Locations

Freezer Celd Room Storage Shelf

Sample Condition;
Temperaiure:

Malodor: Moisture:

Sample Type: © POINT ~ COMPOSITE O STRATIFIED O INTERVAL

P.O. Number: 3700031351

USCC Member: vYES ON

ASTA Test

. 1. List Feedstock. . ] - . .
Client Sample 1D and ! OCKS Collection Sample Composting Shipping Indicate Compost Analysis LAB USE ONLY
Special Instructions 2. Check ail that apply Date/Time Matrix Operation Type Temperature Requirements (“identify state) Job Number &
3. List % by volume. (Optional) Sampie Status
¥ Green waste Carcass Date:12-11-06 Compost ¥ Windrow v 1) 2
Manure Fish Waste Feedstock O Static plle O Ambient O CI%: % g
| ¥ Food | Grease, Fats | Time:10:45 am Mulch © In-Vessel O wetice © | G20 | g & [\\
Biosolids ¥ Enzyme Res. a o [:.;._:?33 < 5B
MW v Sawdust Initiais:FF Dylee v | [ g g
T wood o} o (G =

PLEASE PROVIDE SPECIFIC FEEDSTOCK AND OPERATIONAL DETAIL IN THE SPACE PROVIDED.

YOUR VOLUNTEERED INFORMATION PROVIDES tJSCC STANDARDS AND PRACTICES COMMITTEE WITH CRUTIAL DATA NEEDED TO BETTER UNDERSTAND THE COMPOSTING PROCESS AND COMPQST END USES.

Releasing Date Time Receiving Date Time
Signature 1 Signature 1

Releasing Date Time Receiving Date Time
Signature 2 Signature 2

Releasing Date Time Receiving Date Time
Signature 3 Signature 3

Releasing Date Time Receiving Date Time
Signature 4 Signature 4
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- IAGI HDPE Geomembrane Installatin Specification
Prepared by

INTERNATIONAL ASSOCIATION OF GEOSYNTHETIC INSTALLERS

HDPE GEOMEMBRANE INSTALLATION SPECIFICATION
International Association of Geo-synthetic Installers

P.QO. Box 18012

St. Paul, MN 55118 USA

Telephone: 651-554-1895

Fax: 651-450-6167

Email: iag@jagi.org

Revision by R. W. Gregg, May 21, 2004

PART 1 - GENERAL

1.01 Summary _

A. This specification includes furnishing and installing HDPE geo-membranes with a formulated
sheet density of 0.940 g/cm or greater. Geo-membranes with both smooth and textured surfaces are
included. a

1.02 References

A. American Society for Testing and Materials (ASTM):
1. D 638, Standard Test Method for Tensile Properties of Plastics.
2. D 751, Standard: Test Methods for Coated Fabrics. _
3. D 792, Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics
by Displacement. ’
4. D 1004, Standard Test Method for Initial Tear Resistance of Plastic Film and
Sheeting.
5. D 1204, Standard Test Method for Linear Dimensional Changes of Non Rigid
Thermoplastic Sheeting or Film at Elevated Temperature.
6. D 1238, Standard Test Method for Flow Rates of Thermoplastics by Extrusion
Plastometer. '
7. D 1505, Standard Test Method for Density of Plastics by Density-Gradient Technique.
8. D 1603, Standard Test Method for Carbon Black in Olefin Plastics.
9. D 3895, Test Method for Oxidative Induction Time of Polyolefins by Thermal
Analysis.
10. D 4218, Test Method for Determination of Carbon Black Content in Polyethylene
Compounds by the Muffle-Furnace Technique.
11. D 4437, Standard Practice for Determining the Integrity of Field Seams Used in
Joining Flexible Polymeric Sheet Geo-membranes. '
12. D 4833, Test Method for Index Puncture Resistance of Geo-textiles, Geo-membranes
and Related Products.
13. D 5199, Standard Test Method for Measuring Nominal Thickness of Smooth
Geo-membranes. - -
14. D 5397, Standard Test Method for Evaluation of Stress Crack Resistance of
Polyolefins using Notched Constant Tensile Load Test.
15. D 5596, Standard Practice for Microscopical Examination of Pigment Dispersion in
Plastic Compounds.



16. D 5641, Standard Practice for Geo-membrane Seam Evaluation by Vacuum Chamber.
17. D 5721, Practice for Air-Oven Aging of Polyolefin Geo-membranes. ‘
18. D 5820, Test Method for Air Testing.
19. D 5885, Test Method for Oxidative Induction Time of Polyolefin Geo-synthetics by
High Pressure Differential Scanning Calorimetry.
20. D 5994, Standard Test Method for Measuring Nominal Thickness of Textured
Geo-membranes '
21. D 6365, Standard Practice for the Nondestructive Testing of Geo-membrane Seams

~ using The Spark Test -

B. Geo-synthetic Research Institute (GRI):

1. GRI GM 6, Pressurized Air Channel Test for Dual Seamed Geo-membranes
2. GR1 GM 9, Cold Weather Seaming of Geo-membranes
3. GRI GM 10, Specification for Stress Crack Resistance of HDPE Geo-membrane Sheet
4. GRI GM 13, Test Properties, Testing Frequency and Recommended Warranty for
High Density Polyethylene (HDPE) Smooth and Textured Geo-membranes
5. GRI GM 14, Test Frequencies for Destructive SeamTesting

1.03 Submittals
A. Submit under provisions of Section 01300, Submitals.
B. Submit the following to the Engineer or Owner, for review and approval, 3 weeks prior to
shipment of the Geo-membrane: _ -
1. Documentation of manufacturer's qualifications as specified in subsection 1,04A of
this Section.
2. Manufacturer's Quality Control program manual or descriptive documentation.
3. A material properties sheet, including at a minimum all properties specified!jin GRI
GM 13, including test methods used. "
4. Sample of the material. R S
5_Documentation of Installer's qualifications, as specified below and in subsection
1.04B of'this Section. '
a. Submit a list of at least ten completed facilities. For each installation, provide:
name and type of facility; its location; the date of installation; name and telephone
number of contact at the facility; type and thickness of geo-membrane and; surface
area of the installed geo-membrane.
b. Submit resumes or qualifications of the Installation Supervisor, Master Seamer
and Téchnicians to be assigned to this project.
c. Quality Control Program.
6. Example Material Warranty and Liner Installation Warranty complying with
subsections 1.07 and 1.08 of this Section.
7. Resin Supplier's name, resin production plant identification, resin brand name and
number, production date of the resin, resin Manufacturer's quality control certificates,
and certification that the properties of the resin meet the requirements for the project.
C. Shop Drawings :
1. Submit copies of shop drawings for engineer's approval within a reasonable time so as
not to delay the start of geo-membrane installation. Shop drawings shall show the
proposed panel layout identifying seams and details. Seams should generally follow the
direction of the slope. Butt seams or rofl-end seams should not occur on a slope unless
approved by the Owner's Representative. Butt seams on a slope, if allowed, should be

staggered.



2. Placement of geo-membrane will not be allowed to proceed until Owner's
Representative has received and approved the shop drawings.
D. Additional Submittals (In-Progress and at Completion)
1. Manufacturer's warranty (refer to subsection 1.07).
2. Geo-membrane installation warranty (refer to subsection 1.08).
3. Daily written acceptance of subgrade surface (refer to subsection 3.01.C).
4, Low-temperature seaming procedures if applicabie (refer to subsection 3.03.A).
5. Prequalification test seam samples (refer to subsection 3.05.A.6).
6. Field seam non-destructive test results (refer to subsection 3.05.B.1).
7. Field seam destructive test results (refer to subsection 3.05.C.6).
8. Daily field installation reports (refer to subsection 3.05.G).
9 Installation record drawing, as discussed in subsection 3.05.

1.04 Quality Control
A. Manufacturer's Qualifications: The manufacturer of geo-membrane of the type specified or
similar product shall have at least five years experience in the manufacture of such :
geo-membrane. In addition, the geo-membrane manufacturer shall have manufactured at least
1,000,000 Mz (10,000,000 FT2) of the specified type of geo-membrane or gimilar product
during the last five years.
B. Installer's Qualifications
1. The Geo-membrane Installer shall be the Manufacturer, approved Manufacturer's
. TInstaller or a contractor approved by the Owner's Representative to install the
geo-membrane. : '
2_The Geo-membrane Installer shall have at least three years experience in the
installation of the specified geo-membrane or similar. The Geo-membrane Installer shall
have installed at least 10 projects involving a total of 500,000 sq. meters (5,000,000 sf) of the
specified type of geo-membrane or similar during the last three years. o ‘
3. Installation shall be performed under the direction of a field Installation Supervisor
who shall be responsible throughout the geo-membrane installation, for geo-membrane
panel layout, seaming, patching, testing, repairs, and all other activities of the
Geo-membrane Installer. The Field Installation Supervisor shall have installed or
supervised the installation and seaming of a minimum of 10 projects involving a total of
500,000 sq. meters (5,000,000 sf) of geo-membrane of the type specified or similar product.
Field Instaliation Supervisor shall not be changed after work is begun unless approved by
Owner. o ' - S : _
4. Seaming shall be performed under the direction of a Master Seamer (who may also be
the Field Installation Supervisor or Crew Foreman) who has seamed a minimum of
300,000 sq. meters (3,000,000 sf) of geo-membrane of the type specified or similar product,
using the same type of seaming apparatus to be used in the current project. The Field
Installation Supervisor and/or Master Seamer shall be present whenever seaming is
performed.
5. All seaming, patching, other welding operations, and testing shall be performed by
qualified technicians employed by the Geo-membrane Installer.

1.05 Delivery, Storage and Handling

A. Each roll of geo-membrane delivered to the site shall be labeled by the manufacturer. The
label shall be firmly affixed and shall clearly state the manufacturer's name, product
identification, material thickness, roll number, roll dimensions and roll weight.



B. Geo-membrane shall be protected from mud, dirt, dust, puncture, cutting or any other
damaging or deleterious conditions.

C. Rolls shall be stored away from high traffic areas. Continuously and uniformly support
rolls on a smooth, level prepared surface.

D. Rolls shall not be stacked more than three high.

1.06 Project Conditions

A. Geo-membrane should not be installed in the presence of standing water, while
precipitation is occurring, during excessive winds, or when material temperatures are outside
the limits specified in Section 3.03.

1.07 Material Warranty
As required by specification, or as required in GRI GM 13 (Attachment A)

1.08 Geo-membrane Installation Warranty
A. The Geo-membrane Installer shall guarantee the geo-membrane installation against defects
in the installation and workmanship for 1 year commencing with the date of final acceptance.

1.09 Geo-membrane Pre-Construction Meeting
A. A Geo-membrane Pre-Construction Meeting shall be held at the site prior to installation of
the geo-membrane. At a minimum, the meeting shall be attended by the Geo-membrane
Instalier, Owner, Owner’s representative (Engineer and/or CQA Firm), and the Earthwork
Contractor.
B. Topics for this meeting shall include:
1. Responsibilities of each party.
2. Lines of authority and communication. Resolution of any project document
anmbiguity. S P
3. Methods for documenting, reporting and distributing documents and reports.
4. Procedures for packaging and storing archive samples.
5. Review of time schedule for all installation and testing. :
6. Review of panel layout and numbering systems for panels and seams including details
for marking on geo-membrane. :
7. Procedures and responsibilities for preparation and submission of as-built panel and
seam drawings.
8. Temperature and weather limitations. Installation procedures for adverse weather
conditions, Defining acceptable subgrade, geo-membrane, or ambient moisture and
temperature conditions for working during liner installation.
9. Subgrade conditions, dewatering responsibilities and subgrade maintenance plan.
10. Deployment techniques including allowable subgrade for the geo-membrane.
11. Plan for controlling expansion/contraction and wrinkling of the geo-membrane.
12. Covering of the geo-membrane and cover soil placement.
13. Measurement and payment schedules.
14. Health and safety.
C. The meeting shall be documented by a person designated at the beginning of the meeting
and minutes shall be transmitted to all parties.

PART 2 - PRODUCTS



2.01 Source Quality Control

A. Manufacturing Quality Control
1. The test methods and frequencies used by the manufacturer for quality control/quality
assurance of the above geo-membrane prior to delivery, shall be in accordance with GRI
GM 13, or modified as required for project specific conditions.
2. The manufacturer's geo-membrane quality control certifications, including results of
quality control testing of the products, as specified in subsection 2.01.A.3 of this Section,
must be supplied to the Owner's Representative to verify that the materials supplied for
the project are in compliance with all product and or project specifications in this Section.
The certification shall be signed by a responsible party employed by the manufacturer,
such as the QA/QC Manager, Production Manager, or Technical Services Manager.
Certifications shall include lot and roll numbers and corresponding shipping information.
3. The Manufacturer will provide Certification that the geo-membrane and welding rod
supplied for the project have the same base resin and material properties.

2.02 Geo-membrane :

A. The geo-membrane shall consist of new, first quality products designed and manufactured
specifically for the purpose of this work which shall have been satisfactorily demonstrated by
prior testing to be suitable and durable for such purposes. The geo-membrane rolls shall be
seamléss, high density polyethylene (HDPE- Density >0.94g/cm) containing no plasticizers,
fillers or extenders and shall be free.of holes, blisters or contaminants, and leak free verified
by 100% in line spark or equivalent testing. The geo-membrane shall be supplied as a
continuous sheet with no factory seams in rolls. The geo-membrane will meet the property
requirements as shown in Table A. (GRI GM 13) ' '
B. Material conformance testing by the Owner's Representative, if required, will be ‘
conducted in accordance with the project specifications.

C. The geo-meimbrane seanis shall meet the property requirements as shown in Table 2,
(Attachment B) or as required by project specifications

PART 3 - EXECUTION

3.01 Subgrade Preparation _

A. The subgrade shall be prepared in accordance with the project specifications. The
geo-membrane subgrade shall be uniform and free of all sharp or angular objects that may
damage the geo-membrane prior to installation of the geo-membrane. '

B. The Geo-membrane Installer and Owner’s Representative shall inspect the surface to be
covered with the geo-membrane on each day's operations prior to placement of geo-membrane
to verify suitability. _

C. The Geo-membrane Installer and Owner’s Representative shall provide daily written
acceptance for the surface to be covered by the geo-membrane in that day's operations. The
surface shall be maintained in a manner, during geo-membrane installation, to ensure
subgrade suitability.

D. All subgrade damaged by construction equipment and deemed unsuitable for
geo-membrane deployment shall be repaired prior to placement of the geo-membrane. All
repairs shall be approved by the Owner's Representative and the Geo-membrane Installer.
This damage, repair, and the responsibilities of the contractor and Geo-membrane Installer
shall be defined in the preconstruction meeting.

E. Owner shall be responsible for compaction tests per project specifications.



F. After subgrade has been jointly inspected by Owner’s representative and Installer and accepted by
Installer, Installer shall be responsible for damage and repair to subgrade caused by Installer’s
personnel.

G. After acceptance by Installer, water accumulation by rainfall or due to any actions or inactions of
the Installer shall be the responsibility of the Instalier. Delays caused by such events shall not be the
basis for any claims by the Installer. This includes any costs associated with
demobilization/remobilization due to weather or Installer actions/inactions.

3.02 Geo-membrane Placement

A. No geo-membrane shall be deployed until the applicable certifications and quality control
certificates listed in subsection 1.03 of this Section are submitted to and approved by the
Owner's Representative. Should geo-membrane material be deployed prior to approval by the
Owner's Representative it will be at the sole risk of the Geo-membrane Installer and/or
Contractor. If the material does not meet project specifications it shiall be removed from the
work area at no cost to the owner.

B. The geo-membrane shall be installed to the limits shown on the project drawings and
essentially as shown on approved panel layout drawings.

C. No geo-membrane material shall be unroiled and deployed if the material temperatures are
lower than O degrees C (32 degrees F) unless otherwise approved by the Owner's
Representative. The specified minimum temperature for material deployment may be
adjusted by the Owner’s Representative based on recommendations by the manufacturer.
Temperature limitations should be defined in the preconstruction meeting. Typically, only,
the quantity of geo-membrane that will be anchored and seamed together in one day should be
deployed.

D. No vehicular traffic shall travel on the geo-membrane other than an approved low ground
pressure All Terrain Vehicle or equivalent. )

E. Sand bags-or-equivalent ballast shall be used-as necessary.to temporarily hold the . . -
geo-membrane material in position under the foreseeable and reasonably - expected wind
conditions. Sand bag material shall be sufficiently close- knit to prevent soil fines from
working through the bags and discharging on the geo-membrane.

F. Geo-membrane placement shall not be done if moisture prevents proper subgrade
preparation, panel placement, or panel seaming. Moisture limitations should be defined in

the preconstruction meeting. ‘

G. Damaged panels or portions of the damaged panels which have been rejected shall be
marked and their removal from the work area recorded.

H. The geo-membrane shall not be allowed to "bridge over" voids or low areas in the
subgrade. In these areas, the geo-membrane shall be to allow the geo-membrane to rest in
intimate contact with the subgrade.

I. Wrinkles caused by panel placement or thermal expansion should be minimized in
accordance with section 1.09 B11.

J. Considerations on Site Geometry: In general, seams shall be oriented parallel to the line of -
the maximum slope. In corners and odd shaped geometric locations, the total length of field
seams shall be minimized. Seams shall not be located at low points in the subgrade unless
geometry requires seaming at such locations and if approved by the Owner's Representative.
K. Overlapping: The panels shall be overlapped prior to seaming to whatever extent is
necessary to effect a good weld and allow for proper testing. In no case shall this overlap be
less than 75Smm (3 in.) or in accordance with manufacturer’s recommendations, whichever is greater.



3.03 Seaming Procedures
A. Cold weather installations should follow guidelines as outlined in GRI GMD.
B. No geo-membrane material shall be seamed when liner temperatures are less than 0
degrees C (32 degrees F) uniess the following conditions are complied with:
1. Seaming of the geo-membrane at material temperatures below 0 degrees C (32 degrees
F) is allowed if the Geo-membrane Installer can demonstrate to the Owner's
Representative, using pre-qualification test seams, that field seams comply with the
project specifications, the safety of the crew is ensured, and geo-membrane material can
be fabricated (i.e. pipeboots, penetrations, repairs. etc.) at sub-freezing temperatures.
2. The Geo-membrane Installer shall submit to the Owner's Representative for approval,
detailed procedures for seaming at low temperatures, possibly including the following:
a. Preheating of the geo-membrane
b. The provision of a tent or other device if necessary to prevent heat losses during
seaming and rapid heat losses subsequent to seaming,
c. Number of test welds to determine appropriate seaming parameters
C. No geo-membrane material shall be seamed when the sheet temperature is above 75
degrees C (170 degrees F) as measured by an inftared thermometer or surface thermocouple
unless otherwise approved by the Owner's Representative. This approval will be based on
recommendations by the manufacturer and on a field demonstration by the Geo-membrane
Installer using prequalification test scams to demonstrate that seams comply with the
specification. Surface temperature measurement is the responsibility of the Installer, using a
calibrated meter, traceable to NIST standards. . '
D. Seaming shall primarily be performed using automatic fusion welding equipment and
" techniques. Extrusion welding shall be used where fusion welding is not possible such as at
pipe penetrations, patches, repairs and short (less than a roll width) runs of seams. |
E. Fishmouths or excessive wrinkles at the seam overlaps, shall be minimized and when
necéssary cut along the ridge of the wrinkles back into the panel so as to effect a flat overlap.
The cut shall be terminated with a keyhole cut (nominal 10 mm (1/2 in) diameter hole) so as
to minimize crack/tear propagation. The overlay shall subsequently be secamed. The key hole
cut shall be patched with an oval or round patch of the same base geo-membrane material
extending a minimum of 150 mm (6 in.) beyond the cut in all directions.

3.04 Pipe and Structure Penetration Sealing System
A. Provide penetration sealing system as shown in the Project Drawings.
B. Penetrations shall be constructed from the base geo-membrane material, flat stock,
prefabricated boots and accessories as shown on the Project Drawings. The pre-fabricated or
field fabricated assembly shall be field welded to the geo-membrane as shown on the Project
Drawings so as to prevent leakage. This assembly shall be tested as outlined in section
3.05.B. Alternatively, where field non destructive testing can not be performed, attachments
will be field spark tested by standard holiday leak detectors in accordance with ASTM 6365
Spark testing should be done in areas where both air pressure testing and vacuum testing are
not possible.
1. Equipment for Spark testing shall be comprised of but not limited to: A hand held
holiday spark tester and conductive wand that generates a high voltage.
2. The testing activities shall be performed by the Geo-membrane Installer by piacing an
electrically conductive tape or wire beneath the seam prior to welding. A trial seam
containing a non welded segment shall be subject to a calibration test to ensure that such
a defect (non welded segment) will be identified under the planned machine settings



and procedures. Upon completion of the weld, enable the spark tester and hold

approximately 25mm (1 in) above the weld moving slowly over the entire length of the

weld in accordance with ASTM 6365, If there is no spark the weld is considered to be

leak free.

3. A spark indicates a hole in the seam. The faulty area shall be located, repaired and

retested by the Geo-membrane Installer.

4. Care should be taken if flammable gases are present in the area to be tested.

5. Owner’s representative shall be given adequate notice of tests and given the opportunity to
witness all tests. '

3.05 Field Quality Control
The Owner’s Representative shall be notified prior to all pre qualification and production
welding and testing, or as agreed upon in the pre construction meeting.
A. Prequalification Test Seams
1. Test seams shall prepared and tested by the Geo-membrane Installer to verify that
seaming parameters (speed, temperature and pressure of welding equipment) are
adequate. ,
2. Test seams shall be made by each welding technician and tested in accordance with
ASTM D 4437 at the beginning of each seaming period, Test seaming shall be
performed under the same conditions and with the same equipment and operator
“combination as production seaming. The test seam shall be approxlmately 3.3 meters (10
feet) long for fusion welding and 1 meter (3 feet) long for extrusion welding with the
seam centered lengthwise. At a minimum, tests seams should be made by each technician,
1 time every 4-6 hours; additional tests may be required with changes in environmental
conditions,
3. Two 25 mm (1 in) wide specimens shall be die-cut by the Geo-membrane Installer
from each end of the test seam. These specimens shall be tested by the Geo-membrane =
Installer using a field tensiometer testing both tracks for peel strength and also for shear
strength, Each specimen shall fail in the parent material and not in the weld, "Film Tear
Bond"(F.T.D. failure). Seam separation equal to or greater than 10% of the track width
shall be considered a failing test.
4. The minimum acceptable seam strength values to be obtained for all specimens tested
are listed in Subsection 3.05.C.4 of this Section. All four specimens shall pass for the test
seam to be a passing seam.
5. If a test seam fails, an additional test seam shall be immediately conducted. If the
additional test seam fails, the seaming apparatus shall be rejected and not used for
production seaming until the deficiencies are corrected and a successful test seam can
be produced.
6. A sample from each test seam shall be labeled. The label shall indicate the date,
geo-membrane temperature, number of the seaming unit, technician performing the test
seam and pass or fail description. The sample shall then be given to the Owner's
Representative for archiving.
B. Field Seam Non-destructive Testing
1. All field seams shall be non-destructively tested by the Geo-membrane Installer over
the full seam length before the seams are covered. Each seam shall be numbered or
otherwise designated. The location, date, test unit, name of tester and outcome of all
non-destructive testing shall be recorded and submitted to the Owner's Representative.
2. Testing should be done as the seaming work progresses, not at the completion of all



field seaming, unless agreed to in advance by the Owner's Representative. All defects
found during testing shall be numbered and marked immediately after detection. All
defects found should be repaired, retested and remarked to indicate acceptable
completion of the repair.
3. Non-destructive testing shall be performed using vacuum box, air pressure or spark
testing equipment.
4. Non-destructive tests shall be performed by experienced technicians familiar with the
specified test methods. The Geo-membrane Installer shall demonstrate to the Owner's
Representative all test methods to verify the test procedures are valid.
5. Extrusion seams shall be vacuum box tested by the Geo-membrane Installer in
accordance with ASTM D 4437 and ASTM D 5641 with the following equipment and
procedures:
a. Equipment for testing extrusion seams shall be comprised of but not limited to: a
vacuum box assembly consisting of a rigid housing, a transparent viewing window, a
soft rubber gasket attached to the base, port hole or valve assembly and a vacuum
gauge; a vacuum pump assembly equipped with a pressure controller and pipe
connections; a rubber pressure/vacuum hose with fittings and connections; a plastic
bucket; wide paint brush or mop; and a soapy solution.
b. The vacuum pump shall be charged and the tank pressure adjusted to
approximately 35 kPa (5 psig).
c. The Geo-membrane Installer shall create a leak tight seal between the gasket and
geomembrane interface by wetting a strip of geo-membrane approximately 0.3m (12
in) by 1.2m (48 in) (length and width of box) with a soapy solution, placing the 3
box over the wetted area, and then compressing the box against the geo-membrane.
The Geo-membrane Installer shall then close the bleed valve, open the vacuum valve, ;
maintain initial pressure of approximately 35 kPa (5 psig) for approximately 5
seconds. The geo-membrane should be continuously examined through the viewing
window for the presence of soap bubbles, indicating a leak. If no bubbles appear
after 5 seconds, the area shall be considered leak free. The box shall be depressurized
and moved over the next adjoining area with an appropriate overlap and the process
repeated. :
d. All areas where soap bubbles appear shall be marked, repaired and then retested.
e. At locations where seams cannot be non destructively tested, such as pipe
penetrations, alternate nondestructive spark testing (as outlined in section 3.04.B) or
equivalent should be substituted.
£ All seams that are vacuum tested shall be marked with the date tested, the name of
the technician performing the test and the results of the test.
6. Double Fusion seams with an enclosed channel shall be air pressure tested by the
Geo-membrane Installer in accordance with ASTM D 5820 and ASTM D 4437 and the
following equipment and procedures:
a. Equipment for testing double fusion seams shall be comprised of but not limited
to: an air pump equipped with a pressure gauge capable of generating and sustaining a
pressure of 210 kPa (30 psig), mounted on a cushion to protect the geo-membrane; and
a manometer equipped with a sharp hollow needle or other approved pressure feed
device.
b. The Testing activities shall be performed by the Geo-membrane Installer. Both
ends of the seam to be tested shall be seated and a needle or other approved pressure
feed device inserted into the tunnel created by the double wedge fusion weld. The air



pump shall be adjusted to a pressure of 210 kPa (30 psig), and the valve closed,.
Allow 2 minutes for the injected air to come to equilibrium in the channel, and sustain
pressure for 5 minutes. If pressure loss does not exceed 28 kPa (4 psig) after this five
minute period the seam shall be considered leak tight. Release pressure from the
opposite end verifying pressure drop on needle to ensure testing of the entire seam.
The needle or other approved pressure feed device shall be removed and the feed hole
sealed.

c. If loss of pressure exceeds 28 kPa (4 psig) during the testing period or pressure
does not stabilize, the faulty area shall be located, repaired and retested by the
Geo-membrane Installer. o

d. Results of the pressure testing shall be recorded on the liner at the seam tested and
on a pressure testing record.

C. Destructive Field Seam Testing :
1. One destructive test sample per 150 linear m (500 linear ft) seam length or another
predetermined length in accordance with GRI GM 14 shall be taken by the
Geo-membrane Installer from a location specified by the Owner's Representative. The
Geo-membrane Installer shall not be informed in advance of the sample location. In order
to obtain test results prior to completion of geoOmembrane installation, samples shall be
cut by the Geo-membrane Installer as directed by the Owner's Representative as seaming
progresses. ‘ S _
2. All field samples shall be marked with their sample number and seam number. The
sample number, date, time, location, and seam number shall be recorded. The
Geo-membrane Installer shall repair all holes ini the geo-membrane resulting from
obtaining the seam samples. All patches shall be vacuum box tested or spark tested. Ifa |
patch cannot be permanently instalied over the test location the same day of sample ‘
collection, a temporary patch shall be tack welded or-hot air welded over the opening
until a permanent patch can be affixed.
3. The destructive sample size shall be 300 mm (12 in) wide by 1 m (36 in) long with the
seam centered lengthwise. The sample shall-be cut into three equal sections and
distributed as follows: one section given to the Owner's Representative as an archive
sample; one section given to the Owner's Representative for laboratory testing as
specified in paragraph 5 below; and one section retained by the Geo-membrane Installer
for field testing as specified in paragraph 4 below.
4. For field testing, the Geo-membrane Installer shall cut 10 identical 25 mm (1 in) wide
replicate specimens from his sample. The Geo-membrane Installer shall test five
specimens for seam shear strength and five for peel strength. Peel tests will be performed
on both inside and outside weld tracks. To be acceptable, 4 of 5 test specimens must pass
the stated criteria in section 2.02 with less than 10% separation. If 4 of 5 specimens pass,
the sample qualifies for testing by the testing laboratory if required.
5. If independent seam testing is required by the specifications it shall be conducted in
accordance with ASTM 5820 or ASTM D4437 or GRI GM 6.
6. Reports of the results of examinations and testing shall be prepared and submitted to
the Owner's Representative.
7. For field seams, if a laboratory test fails, that shall be considered as an indicator of the
possible inadequacy of the entire seamed length corresponding to the test sample.
Additional destructive test portions shall then be taken by the Geo-membrane Installer at
locations indicated by the Engineer, typically 3 m (10 ft) on either side of the failed



sample and laboratory seem tests shall be performed. Passing tests shall be an indicator
of adequate seams. Failing tests shall be an indicator of non-adequate seams and all
seams represented by the destructive test location shall be repaired with a cap-strip
extrusion welded to all sides of the capped area. All cap-strip seams shall be nondestructively
vacuum box tested until adequacy of the seams is achieved. Cap strip
seams exceeding 50 M in length (150 FT) shall be destructively tested.
D. Identification of Defects _
1. Panels and seams shall be inspected by the Installer and Owner's Representative
during and after panel deployment to identify all defects, including holes, blisters,
undispersed raw materials and signs of contamination by foreign matter.
E. Evaluation of Defects: Each suspect location on the liner (both in geo-membrane seam and
non-seam areas) shall be non-destructively tested using one of the methods described in
Section 3.05.B. Each location which fails non-destructive testing shall be marked,
numbered, measured and posted on the daily “installation" drawings and subsequently
repaired.
1. If a destructive sample fails the ﬁeld or laboratory test, the Geo-membrane Installer
shall repair the seam between the two nearest passed locations on both sides of the failed
destructive sample location.
2. Defective seams, tears or holes shall be repalred by reseaming or applymg a extrusion
welded cap strip.
3. Reseaming may consist of either:
a. Removing the defective weld area and rewelding the parent material using the
original welding equipment; or
b. Reseaming by extrusion welding along the overlap at the outside seam edge left by
the fusion welding process. '
4, Blisters, larger holes, and contamination by foreign matter shall be repaired by patches
and/or extrusion weld beads as required. Each patch shall extend a minimum of 150 mm-
(6 in) beyond all edges of the defects.
5. All repairs shall be measured, located and recorded.
F. Verification of Repairs on Seams: Each repair shall be non-destructively tested using
either vacuum box or spark testing methods. Tests which pass the non-destructive test shall
be taken as an indication of a successful repair. Failed tests shall be reseamed and retested
until a passing test results. The number, date, location, technician and test outcome of each
patch shall be recorded.
G. Daily Field Installation Reports: At the beginning of each day's work, the Installer shall
provide the Engineer with daily reports for all work accomplished on the previous work day.
Reports shall include the following:
1. Total amount and location of geo-membrane placed;
2. Total length and location of seams completed, name of technicians doing seaming and
welding unit numbers;
3. Drawings of the previous day's installed geo-membrane showing panel numbers, seam
numbers and locations of non-destructive and destructive testing;
4. Results of pre-qualification test seams;
5. Results of non-destructive testing; and
6. Results of vacuum testing of repairs.
H. Destructive test results shall be reported prior to covering of liner or within 48 hours.



3.06 Liner Acceptance

A. Geo-membrane liner will be accepted by the Owner's Representative when: '
1. The entire installation is finished or an agreed upon subsection of the installation is
finished.
2. All Installer’s QC documentation is completed and submitted to the owner
3. Verification of the adequacy of all field seams and repairs and associated
geo-membrane testing is complete.

3.07 Anchor Trench .
A. Construct as specified on the project drawings.

3.08 Disposal of Scrap Materials

A. On completion of installation, the Geo-membrane Installer shall dispose of all trash and
scrap material in a location approved by the Owner, remove equipment used in connection
with the work herein, and shall leave the premises in a neat acceptable manner. No scrap
material shall be allowed to remain on the geo-membrane surface.

PART 4 - MEASUREMENT AND PAYMENT
As per project specifications.

PART 5 - GRI GM13 SPECIFICATION i
*This section shall include GRI GM13 manufacturer's specification or a revision of GR1 GM13
specific to the unique project requirements and/or standards, as determined by the owner or;
owners agent." '

See Attachment A below.



ATTACHMENT A- GRI GM13

Cé%g_@gb Geosynthetic Research Institute

Geomembranes

adopted - June 17, 1997
GRI Standard GM13-
Standard Specification for

"Test Properties, Testing Frequency and Recommended Warrant for
High Density Polyethylene (HDPE) Smooth and Textured Geomembranes"

1. Scope

1.1 This specification covers high density pquethylehe (HDPE) geomembranes with a
formulated sheet density of 0.940 g/ml, or greater, in the thickness range of 0.75 mm (30
mils) to 3.0 mm (120 mils). Both smooth and textured geomembrane surfaces are
included. ' '

1.2 This specification sets forth a set of minimum physical, mechanical and chemical
properties that must be met, or exceeded by the geomembrane being manufactured. In a
few cases a range is specified.

1.3 In the context of quality systems and management, this specification represents
manufacturing quality control (MQC).

Note 1: Manufacturing quality control represents those actions taken by a
manufacturer to ensure that the product represents the stated objective and
properties set forth in this specification.

1.4 This standard specification is intended to ensure good quality and performance of
HDPE geomembranes in general applications, but may not be adequate for the complete
specification of a specific situation. Additional tests, or more restrictive values for the
tests indicated, may be necessary under conditions of a particular application.

1.5 This specification also presents a recommended warrant which is focused on the
geomembrane material itself.



1.6 The recommended warrant attached to this specification does not cover installation
considerations which is independent of the manufacturing of the geomembrane.

‘Note 2: For information on installation techniques, users of this standard are
referred to the geosynthetics literature, which is abundant on the subject.

2. Referenced Documents
2.1 ASTM Standards

D 638 Test Method for Tensile Properties of Plastics

D 792 Specific Gravity (Relative Density) and Density of Plastics by
Displacement '

D 1004 Test Method for Initial Tear Resistance of Plastics Film and Sheeting

D 1238 Test Method for Flow Rates of Thermoplastics by Extrusion Plastometer
D 1505 Test Method for Density of Plastics by the Density-Gradient Technique
D 1603 Test Method for Carbon Black in Olefin Plastics

D 3895 Test Method for Oxidative Induction Time of Polyolefins by Thermal.
Analysis : :

D 4218 Test Method for Determination of Carbon Black Content in Polyethylene
Compounds by the Muffle-Furnace Technique

D 4833 Test Method for Index Puncture Resistance of Geotextiles,
Geomembranes and Related Products

D 5199 Test Method for Measuring Nominal Thickness of Geotextiles and
Geomembranes

D 5397 Procedure to Perform a Single Point Notched Constant Tensile Load -
Appendix (SP-NCTL) Test ,

D 5596 Test Method for Microscopic Evatuation of the Dispersion of Carbon
Black in Polyolefin Geosynthetics

D 5721 Practice for Air-Oven Aging of Polyolefin Geomembranes

D 5885 Test method for Oxidative Induction Time of Polyolefin Geosynthetics by
High Pressure Differential Scanning Calorimetry

D 5994 Test Method for Measuring the Core Thickness of Textured
Geomembranes

2.2 GRI Standards

GM10 Specification for the Stress Crack Resistance of Geomembrane Sheet

GM 11 Accelerated Weathering of Geomembranes using a Fluorescent UVA-
Condensation Exposure Device

GM 12 Measurement of the Asperity Height of Textured Geomembranes Using a
Depth Gage |

2.3 U. S. Environmental Protection Agency Technical Guidance Document "Quality
Control Assurance and Quality Control for Waste Containment Facilities," EPA/600/R-
93/182, September 1993, 305 pgs.



3. Definitions

Manufacturing Quality Control (MQC) - A planned system of inspections that is used to
directly monitor and control the manufacture of a material which is factory originated.
MQC is normally performed by the manufacturer of geosynthetic materials and is
necessary to ensure minimum (or maximum) specified values in the manufactured
product. MQC refers to measures taken by the manufacturer to determine compliance
with the requirements for materials and workmanship as stated in certification documents
and contract specifications.

ref. EPA/600/R-93/182

Manufacturing Quality Assurance (MQA) - A planned system of activities that provides
assurance that the materials were constructed as specified in the certification documents
and contract specifications. MQA includes manufacturing facility inspections,
verifications, audits and evaluation of the raw materials (resins and additives) and
geosynthetic products to assess the quality of the manufactured materials. MQA refers to
measures taken by the MQA organization to determine if the manufacturer is in

* compliance with the product certification and contract specifications for the project.

ref. EPA/600/R-93/182

Formulation, n - The mixture of a unique combination of ingredients identified by type,
properties and quantity. For HDPE geomembranes a formulation is defined as the exact
percentages and types of resin(s), additives and carbon black.

4. Material Classification and Formulation

4.1 This specification covers high density polyethylene geomembranes with-a formulated
sheet density of 0.940 g/ml, or higher.

4.2 The resin from which the geomembrane is made will generally be in the density range
of 0.932g/ml or higher, and have a melt index value per ASTM D1238 of less than 1.0
g/10 min,

4.3 The resin shall be virgin material with no more than 10% rework. If rework is used, it
must be of the same formulation as the parent material.

4.4 No post consumer resin (PCR) of any type shall be added to the formulation.
5, Physical, Mechanical and Chemical Property Requirements

5.1 The geomembrane shall conform to the test property requirements prescribed in
Tables 1 and 2. Table 1 is for smooth HDPE geomembranes and Table 2 is for single and
double sided textured HDPE geomembranes. Each of the tables are given in English and

SI (metric) units. The conversion from English to SI (metric) is soft.

Note 3: There are several tests often included in other HDPE specifications which
are omitted from this standard because they are outdated, irrelevant or generate



information that is not necesSaly to evaluate on a routine MQC basis. The
following tests have been purposely omitted:

Volatile Loss

Dimensional Stability
Coeff. of Linear Expansion
Resistance to Soil Burial
Low Temperature Impact
ESCR Test (D 1693)

Wide Width Tensile

Water Vapor Transmission
Water Absorption

Ozone Resistance
Modulus of Elasticity
Hydrostatic Resistance
Tensile Impact

Field Seam Strength
Multi-Axial Burst

Various Toxicity Tests

0 0 0 0 Q0 ¢ 0 0 C 0 Q0 Q0 0 o0

Note 4: There are several tests which are included in this standard (that are not
customarily required in other HDPE specifications) because they are relevant and
important in the context of current manufacturing processes. The following tests

have been purposely added:
o Oxidative Induction Time
o OvenAging -~
o Ultraviolet Resistance : :
o Asperity Height of Textured Sheet

Note 5: There are other tests in this standard, focused on a particular property,
. which are updated to current standards. The following are in this category:

o 'Thickness of Textured Sheet
o Puncture Resistance

o Stress Crack Resistance

o Carbon Black Dispersion

Note 6: There are several GRI tests currently included in this standard. Since
these topics are not covered in ASTM standards, this is necessary. They are the
following: :

o UV Fluorescent Light Exposure
o Asperity Height Measurement

5.2 The properties of the HDPE geomembrane shall be tested at the minimum frequency
shown in Tables 1 and 2. If the specific manufacturer's quality control guide is more

stringent and is certified accordingty, it must be followed in like manner.



Note 7: This specification is focused on manufacturing quality control (MQC).
Conformance testing and manufacturing quality assurance (MQA) testing are at
the discretion of the purchaser and/or quality assurance engineer, respectively.

6. Workmanship and Appearance

6.1 Smooth geomembrane shall have good appearance qualities. It shall be free from such
defects that would affect the specified properties of the geomembrane.

6.2 Textured geomembrane shall generally have uniform texturing appearance. It shall be
free from agglomerated texturing material and such defects that would affect the
specified properties of the geomembrane.

6.3 General manufacturing procedures shall be performed in accordance with the
manufacturer's internal quality control guide and/or documents.

7. MQC Sampling

7.1 Sampling shall be in accordance with the specific test methods listed in Tables 1 and
2. If no sampling protocol is stipulated in the particular test method, then test specimens
shall be taken evenly spaced across the entire roll width.

7.2 The number of tests shall be in accordance with the appropriate test methods listed in. 3
Tables 1 and 2.

. 7.3 The average of the test results should be calculated per the particular standard cited
and compated to the minimum value listed in these tables, hence the values-listed are the~
minimum average values and are designated as "min, ave."

8. MQC Retest and Rejectio'n

8.1 If the results of any test do not conform to the requirements of this specification,
retesting to determine conformance or rejection should be done in accordance with the
manufacturing protocol as set forth in the manufacturer's quality manual.

9. Packaging and Marketing

9.1 The geomembrane shall be rolled onto a substantial core or core segments and held
firm by dedicated straps/slings, or other suitable means. The rolis must be adequate for
safe transportation to the point of delivery, unless otherwise specified in the contract or
order. '

10, Certification
10.1 Upon request of the purchaser in the contract or order, a manufacturer's certification

that the material was manufactured and tested in accordance with this specification,
together with a report of the test results, shall be furnished at the time of shipment.



11. Warranty

11.1 Upon request of the purchaser in the contract or order, a manufacturer's warrant of
the quality of the material shall be furnished at the completion of the terms of the
contract.

11.2 A recommended warrant for smooth and textured HDPE geomembranes
manufactured and tested in accordance with this specification is given in Appendix A.

11.3 The warrant in Appendix A is for the geomembrane itself. It does not cover
subgrade preparation, installation, seaming, or backfilling. These are separate operations
~ that are often beyond the control, or sphere of influence, of the geomembrane
manufacturer.

Note 8: If a warrant is required for installation, it is to be developed between the
installation contractor and the party requesting such a document.
Table 1(a) - High Density Polyethylene (HDPE) Geomembrane - Smooth

ENGLISH UNITS
Property . Test
Test Testing
Method
Value Frequency

. 30 mils 40
mils 50 mils 60 mils 80 mils 100 mils . 120 mils (minimum)

Thickness, (min. ave.) ) D 5199 nom. nom.
nom. nom.- nom. nom. nom. per rolil
‘ {mil)
(mil) (mil) - {mil)} (mil) {rmil)y (mil)
lowest individual of 10 values -10% . =10%
-10% ~10% -10% -10% ~10%
Density (min.) . D 1505/ 0.940
0.940 - 0.940 0.940 0.940 0.940 0.940 200,000 1b
. D792 g/cc g/cc
g/cc g/cc g/cec g/ce -g/ecc :
Tensile Properties (1) {min. ave.) D 638
20,000 1b
Type IV
yield stress 63 84
105 126 168 210 252
: - 1b/in.
1b/in. 1b/in. ib/in. 1b/in. 1b/in. 1b/in.
break stress 114 152
190 228 304 380 456
’ 1b/in.
1b/in. 1b/in. 1b/in. 1b/in. 1b/in. 1b/in,
yield elongation ' ' 12% 12%
12% 12% 12% 12% 12%
break elongation " 700% 700%
T00% 700% T00% 700% 700%
Tear Resistance {min. ave.} D 1004 21 1b 28
1b 35 1b 42 1b -56 1b 70 1b 84 1b 45,000 1b
Puncture Resistance {(min. ave.) D 4833 54 1b 72

1b 90 1b 108 1b 144 1b 180 1b 216 1b 45,000 1b



Stress Crack Resistance (2) D 5397 200 hr. 200
hr. 200 hr. 200 hr. 200 hr. 200 hr. 200 hr. per GRI-GM10

{App.)

Carbon Black Content (range) D 1603 2.0 - 2.0
- 2.0 - 2.0 - 2.0 - 2.0 - 2.0 - 20,000 1b

. (3) 3.0% 3.0%
3.0% 3.0% 3.0% 3.0% 3.0%
Carbon Black Dispersion D 5596 note (4) note
(4} note (4) note note {4) note (4) note (4) 45,000 1b
(4)
Oxidative Induction Time {(OIT) (min. ave.)
200,000 1b
(5) -
(a} Standard OIT D 3895 100 min. 100
min. 100 min. 2100 min. 100 min. 100 min. 100 min.

- or - :
{b) High Pressure OIT D 5885 400 min. 400
min. 400 min. 400 min. 400 min. 400 min. 400 min.
Oven Aging at 85deyg.C (5), (6) D 5721
(a} Standard OIT (min. ave.} -~ % retained D 3895 55% 55%
55% 55% 55% 55% 55% per each
after 90 days
. - or -
formulation
{b} High Pressure OIT {min. ave.) - % D 5885 = 80% 80%
g0% 80% 80% 80% 803
retained after 90 days’
UV Resistance (7} GM 11
(a) Standaxd OIT (min. ave.) D 3890 N.R. {8) N.R.
(8} N.R. (8) N.R. (8) N.R. (8) N.R. (8) N.R. (8) per each
- or -

formulation
(b) High Pressure OIT (min. ave.) - % D 5885 60% 60%
60% 60% 60% 60% 60%

retained after 1600 hrs (9)

(1) Machine direction (MD) and cross machine direction (XMD) average values should
be on the basis of 5 test specimens each direction

Yield elongation is calculated using a gage length of 33 mm

Break elongation is calculated using a gage length of 50 mm

(2) The yield stress used to calculate the applied load for the sP—NCTL test should be the
manufacturer's mean value via MQC testing.

(3) Other methods such as D 4218 (muffle furnace) or microwave methods are acceptable
if an appropriate correlation to D1603 (tube furnace) can be established.

(4) Carbon black dispersion for 10 different views:

« minimum 8 of 10 in Categories 1 or 2
« all 10 in Categories 1, 2, or 3



(5) The manufacturer has the option to select either one of the OIT methods listed to
evaluate the antioxidant content in the geomembrane.

(6) 1t is also recommended to evaluate samples at 30 and 60 days to c(;mpare with the 90

day response.

(7) The condition of the test should be 20 hr. UV cycle at 75deg.C followed by 4 hr.

condensation at 60deg.C.

(8) Not recommended since the high temperature of the Std-OIT test produces an
unrealistic result for some of the antioxidants in the UV exposed samples.

(9) UV resistance is based on percent retained value regardless of the original HP-OXT

value.

Table 1(b) - High Density Polyethylene (HDPE) Geomembrane - Smooth

SI (METRIC) UNITS
Property Test
Test Testing
- Method
Value Frequency
mm 1,25 mm_ 1.50 mm 2.00 mm 2.50 mm  3.00 mm
Thickness, {(min. ave.) D 5199
nonm. nem. nom. nom. nom. nom.
(rm) {roan) (rom) {man) {rm) (o)
lowest individual of 10 values
108 -10% ~10% -10% ~10% -10%
Density {min.) D 1505/
0.940 0.940 0.940 0.940 0.940 0.940
D792
g/ml g/ml g/ml g/ml g/mlL g/ml
Tensile Properties (1) (min. ave.) D 638
9,000 kg
Type IV
yield stress '
kN/m 18 kN/m 22 kN/m 29 kN/m 37 kN/m 44 kN/m
break stress _
kKN/m 33 kN/m 40 kN/m 53 kN/m 67 kN/m 80 kN/m
yield elongation
12% 12% 12% 12% 12% 12%
break elongaticn
700% 700% 700% 700% 700% 700%
Tear Resistance {(min. ave.} D 1004
N 156 N 187 N 249 N 311 N 374 N
Puncture Resistance (min. ave.) D 4833
N 400 N 480 N 640 N 800 N 960 N
Stress Crack Resistance (2) D 5397
hr. 200 hr. 200 hr. 200 hr. 200 hr. 200 hr.
. (App. )
Carbon Black Content (range) D 1603
- 2.0 - 2.0 - 2.0 - 2.0 -

2.0 -

0.75 mm
{minimum)
nom.
per roll
{rom)

~10%

0.940

1.00

90,000 kg

g/ml

11 kN/m
20 kN/m
-12%
700%

93 N
20,000 kg
240 N
20,000 kg
200 hr.
per GRI-GM10

2.0 -
9,000 kg

15

27

125

320

200



(3) 3.0%

3.0% 3.0% 3.0% 3.0% 3.0% 3.0%
Carbon Black Dispersion ' D 5596 note (4) note
{4) note {4) note note (4) note (4) note (4) 20,000 kg
{4)
Oxidative Induction Time (OIT} (min. ave.)
90,000 kg
(5)
{a) Standard OIT ) b 3885 100 min. 100
min. 100 min., 100 100 min. 100 min. 100 min.
min.
- or -
{b) High Pressure OIT ' . D 5885 400 min. 400
min. 400 min. 400 400 min. 400 min. 400 min.
min.
Oven Aging at 85deg.C (5), (6) ’ D 5721
per each _
{a) Standard OIT (min. ave.) - % retained D 3895 55%
55% 55% 55% 55% " 55% 55% formulation
after 90 days
- or -
{b) High Pressure OIT (min. ave.) — & D 5885 80%
80% g0% BO% 80% BO% 80%
retained after 90 days
UV Resistance (7) GM 11
per each
{a} standard OIT (min. ave.) D 3890 N.R. (8) N.R.
(8} N.R. (8) N.R. N.R. {(8) N.R. (8} N.R. (8} formulation
{B)
- or -
{b) High Pressure OIT (min. ave.) - % D 5885 60%
60% 60% 60% 60% . 60% 60%

retained after 1600 hrs (9)

(1) Machine direction (MD) and cross machine direction (XMD) average values should
be on the basis of 5 test specimens each direction

Yield elongation is calculated using a gage length of 33 mm

Break elongation is calculated using a gage length of 50 mm

(2) The yield stress used to calculate the applied load for the SP-NCTL test should be the
manufacturer's mean value via MQC testing. |

(3) Other methods such as D 4218 (muffle furnace) or microwave methods are acceptable
if an appropriate comelation to D1603 (tube furnace) can be established.

(4) Carbon black dispersion for 10 different views:

o minimum 8 of 10 in Categories 1 or 2
all 10 in Categories 1, 2, or 3



(5) The manufacturer has the option to select either one of the OIT methods listed to
evaluate the antioxidant content in the geomembrane.

(6) It is also recommended to evaluate samples at 30 and 60 days to compare with the 90 |
day response. '

(7) The condition of the test should be 20 hr. UV cycle at 75deg.C followed by 4 hr. |
condensation at 60deg.C.

(8) Not recommended since the high temperature of the Std-OIT test produces an
unrealistic result for some of the antioxidants in the UV exposed samples.

(9) UV resistance is based on percent retained value regardless of the original HP-OIT
value.

Table 2(a) - High Density Polyethylene (HDPE) Geomembrane - Textured

ENGLISH UNITS
Property Test
Test Testing
Method
Value Frequency C
: ' 30 mils 40
mils 50 mils 60 mils 80 mils 100 mils 120 mils {(minimum)
Thickness {(min. ave.) : D 5994 nom. nom.
nom. nom. nom. nore. nom. per roll
' {—5%) {-
5%) (—5%) {-5%) (—-5%) (-5%) {-5%)
lowest individual for 8 out of 10 valiés -10% ~10%
-10% ~-10% -10% -10% ~-10% .
lowest individual for any of the 10 -15% -15%
~15% -15% -15% -15% ~15%
values
Asperity Height {min. ave.) GM 12 7 mil 7
mil 7 mil 7 mil 7 mil . 7 mil 7 mil per roll
Density (min. ave.) D 1505/ 0.940
0.9540 0.940 0.940 0.940 0.940 0.940 200,000 1b
_ D792 g/ce g/cc
g/cc g/cc g/cc g/ce g/cc
Tensile Properties (min. ave.) (1) D 638
20,000 1b
Type IV
vield stress : 63 84
105 126 168 210 252
1b/in,
1k/in. 1b/in. 1b/in. 1b/in. 1b/in. 1b/in,
break stress 45 60
75 90 120 150 180
1b/in.
1b/in. ib/in. 1b/in. 1b/in. 1b/in. 1b/in. 7
yield elongation ) . 12% 12%
12% - 12% 12% 12% 12%
break elongation 100% 100%

1009 100% 100% 100% ©100%



Tear Resistance (min. ave.) D 1004 21 1b 28

1b 3% 1b ° 42 1b 56 1b 70 1b 84 1b 45,000 1b
Puncture Resistance (min. ave.) D 4833 45 1b 60
1b 75 1b 90 1b 120 1b 150 1b 180 1b 45,000 1b
Stress Crack Resistance (2} ' D 5397 200 hr. 200
hr. 200 hr. 200 hr. 200 hr. 200 hr. . 200 hr. per GRI-GM 10
(App.)

Carbon Black Content (range) b 1603 2.0 ~ 2.0
- 2.0 - 2.0 - 2.0 - 2.0 - 2.0 - 20,000 1b

{3) 3.0% 3.0%
3.0% 3.0% 3.0% 3.0% 3.0%
Carbon Black Dispersion D 5596 note {4} note

{4) nete (4) note(4d) note (4} note(4) note (4) 45,000 1b
Oxidative Induction Time (OIT) (min. ave.)

200,000 1b
(5}
{a) Standard OIT : D 3895 100 min. 100
min. 100 min. 100 min. 100 min. 100 min. 100 min.
- or -

(b} High Pressure OIT D 5885 400 min. 400
min. 400 min. 400 min. 400 min. 400 min. 400 min.
Oven Aging at 85deg.C (5), (6) D 5721
per each
{a) Standard OIT (min. ave.} — % retained D 3895 55% 55%
55% 55% 55% 55% 55% formulation
after 90 days

- or -
{(b) High Pressure OIT (min. ave.) - % D 5885 80% 80%
80% 80% 80% 80% 80%
retained after 90 days
IV Resistance {7} GM11

per each

{a) Standard OIT ‘ D 3895 N.R. {(8) N.R.
{8) N.R. (8) N.R. {8) N.R. (8) N.R. (8) N.R. (8) formulation

(b} High Pressure OIT (min. ave.} - % D 5885 60% 60%
60% 60% 60% 60% 60%

retained after 1600 hrs (9)

(1) Machine direction (MD) and cross machine direction (XMD) aveérage values should
be on the basis of 5 test specimens each direction

Yield elongation is calculated using a gage length of 33 mm

Break elongation is calculated using a gage length of 50 mm

(2) The yield stress used to calculate the applied load for the SP-NCTL test should be the
manufacturer's mean value via MQC testing.

(3) Other methods such as D 4218 (mufﬂé furnace) or microwave methods are acceptable
if an appropriate correlation to D1603 (tube furnace) can be established.

(4) Carbon black dispersion for 10 different views:

» minimum 8 of 10 in Categories 1 or 2
o all 10 in Categories 1, 2, or 3



(5} The manufacturer has the option to select either one of the OIT methods listed to
evaluate the antioxidant content in the geomembrane.

(6) Tt is also recommended to evaluate samples at 30 and 60 days to compare with the 90
day response. '

(7) The condition of the test should be 20 hr. UV cycle at 75deg.C followed by 4 hr.
condensation at 60deg.C.

(8) Not recommended since the high temperature of the Std-OIT test produces an
unrealistic result for some of the antioxidants in the UV exposed samples.

(9) UV resistance is based on percent retained value regardiess of the original HP-OIT
value. :

Table 2(b) - High Density Polyethylene (HDPE) Geomembrane - Textured

SI (METRIC) UNITS
Property Test
Test Testing
Method
Value Frequency
0.75 mm 1.00
Lol 1.25 mm 1.50 rm 2.00 mm 2.50 mm 3.00 mm {minimum}
Thickness (min. ave.) D 5994 nof. nom.
nem. nom. nom. nom. ncm. per rell .
{-5%) (-
5%) (-5%) {-5%) {—-5%) (~5%) (—-5%)
lowest individual for 8 out of 10 values ' -10% -10%
-10% -10% -10% ~10% -10%
lowest individual for any of the 10 ~15% -15%
-15% -15% -15% -15% -15%
values . )
Asperity Height (min. ave.) GM 12 0.18 mm 0.18
rm 0.18 mm 0.18 rm 0.18 mm 0.18 mm 0.18 mm ‘per roll
Density (min. ave.) D 1505/ 0.940
0.940 0.940 0.940 0.940 0.940 0.940 90,000 kg
D792 g/ml g/ml
g/ml g/ml g/ml g/ml g/ml
Tensile Properties (min. ave.) (1) D 638
9,000 kg
Type IV
yield stress 11 kN/m 15
kKN/m 18 kN/m 22 kN/m 29 kN/m 37 kN/m 44 kN/m
break stress 8 kN/m 11
kN/m 13 kN/m 16 kN/m 21 kN/m 26 kN/m 32 kN/m
yield elongation 12% 12%
12% 12% 12% 12% 12%
break elongation 100% 100%
100% 100% 100% 100% 100%
Tear Resistance (min. ave.) P 1004 93 N 125
N - 156 N 187 N 249 N 311 N 374 N 20,000 kg
Puncture Resistance {min. ave.)} D 4833 200 N 267

N 334 N 400 N 534 N 667 N 801 N 20,000 kg



Stress Crack Resistance (2}

retained after 1600 hrs (9}

D 5397 200 hr. 200
hr. 200 hr. 200 hr. 200 hr. 200 hr. 200 hr. per GRI GM10
(App.)
Carbon Black Content (range) D 1603 2.0 - 2.0
- 2.0 - 2.0 - 2.0 ~ 2.0 ~ 2.0 - 9,000 kg
_ ‘ {3) 3.0% 3.0%
3.0% 3.0% 3.0% 3.0% 3.0%
Carbon Black Dispersion D 5596 note (4} note
{1} note (4) note(d) note (4} note (4) note (4) 20,000 kg
Oxidative Induction Time (OIT) {(min. ave.)
290,000 kg
(5}
(a} Standard OIT D 3895 100 min. 100
min. 100 min. 100 min. 100 min. 100 min. 100 min.
- por -
{b) High Pressure OIT D 5885 400 min. 400
min. 400 min. 400 min. 400 min. 400 min. 400 min. :
Oven Aging at 85deg.C (5}, (6) D 5721
per each :
(a) Standard OIT {min. ave.} - % retained D 3895 55% 55%
55% 55% 55% 55% 55% formulation
after 90 days
- or -
{b) High Pressure OIT (min. ave.) — & D 5885 80% 80%
80% 60% 80% 80% 80%
retained after 90 days
UV Resistance (7} GM11l
per each
{a) Standard CIT ) D 3895 N.R. (8) N.R.
{8) N.R. {8) N.R. (8) N.R. (8) N.R. {8) N.R. (8) formulation
- or -
{b) High Pressure OIT (min. ave.) - % D 5885 60% 60%
60% 60% 60% 60% 60%

" -(1) Machine direction (MD) and cross machine direction (XMD) average values should

be on the basis of 5 test specimens each direction

Yield elongation is calculated using a gage length of 33 mm
Break elongation is calculated using a gage length of 50 mm

(2) The yield stress used to calculate the applied load for the SP-NCTL test should be the
manufacturer’s mean value via MQC testing.

(3) Other methods such as D 4218 (muffle furnace) or microwave methods are acceptable
if an appropriate correlation to D1603 (tube furnace) can be established.

(4) Carbon black dispersion for 10 different views:

» minimum 8 of 10 in Categories 1 or 2
e all 10 in Categories 1, 2, or 3

(5) The manufacturer has the option to select either one of the OIT methods listed to
evaluate the antioxidant content in the geomembrane.



(6) 1t is also recommended to evaluate samples at 30 and 60 days to compare with the 90
day response.

(7) The condition of the test should be 20 hr. UV cycle at 75deg.C followed by 4 hr.
condensation at 60deg.C.

(8) Not recommended since the high temperature of the Std-OIT test produces an
unrealistic result for some of the antioxidants in the UV exposed samples.

(9) UV resistance is based on percent retained value regardless of the original HP-OIT
value.

Appendix "A"
Typical HDPE Geomembrane Warrant

Reviewed by: Donald J. Weiss, Esq.
General Council for GSI

ABC GEOMEMBRANE COMPANY -
LIMITED WARRANTY

Warranty No:
Project No:
Effective Date:

PURCHASER NAME:
ADDRESS:
CITY, STATE, ZIP, COUNTRY:

PROJECT NAME:
ADDRESS/LOCATION:

CITY, STATE, ZIP, COUNTRY:
GEOMEMBRANE TYPE/DESCRIPTION:

ABC Geomembrane Company warrants each ABC geomembrane to be free from
meanufacturing defects (as defined by the contract's material specifications) and to be able
to withstand normal weathering for a period of 5 years from the above effestive date for
normal use in approved applications.

This Limited Warranty does not include damages or defects in the ABC geomembrane
resulting from acts of God, casualty or catastrophe including but not limited to:
earthquakes, floods, piercing hail, tornadoes or force majeure. The term *normal use" as
used herein does not include, among other things, the exposure of ABC geomembranes to
harmful chemicals, abuse of ABC geomembranes by machinery, equipment or people;
improper site preparation or covering materials, excessive pressures or stresses from any



source or improper application or installation. ABC geomembrane material warranty is
intended for commercial use only and is not in effect for the consumer as defined in the
Magnuson Moss Warranty or any similar federal, state, or local statues. The parties
expressly agree that the sale hereunder is for commercial or industrial use only.

Should defects or premature loss of use within the scope of the above Limited Warranty
occur, ABC Geomembrane Company will, at its option, repair or replace the ABC
geomembrane on a pro-rata basis at the then current price in such manner as t0 charge the
Purchaser/User only for that portion of the warranted life which has elapsed since
purchase of the material. ABC Geomembrane Company will have the right to inspect and
determine the cause of any alleged defect in the ABC geomembrane and to take
appropriate steps to repair or replace the ABC geomembrane if a defect exists which is
covered under this warranty. This Limited Warranty extends only to ABC's
geomembrane, and does not extend to the installation service of ABC Geomembrane
Company or third parties.

Any claim for any alleged breach of this warranty must be made in writing, by certified
mail, to the President of ABC Geomembrane within ten (10) days of becoming aware of
the alleged defect. Should the required notice not be given, the defect and all warranties
are waived by the Purchaser, and Purchaser shall not hdve any rights under this warranty.
ABC Geomembrane Company shall not be obligated to perform repairs or replacements
under this warranty unless and until the area to be repaired or replaced is clean, dry, and
unencumbered. This includes, but is not limited to, the area made available for repair
and/or replacement of ABC geomembrane to be free from all water, dirt, sludge, residuals
and liquids of any kind. If after inspection it is determined that there is no claim under
this Limited Warranty, Purchaser shall reimburse ABC Geomembrane Company for its .
Gosts associated with the site inspection. S . ‘

In the event the exclusive remedy provided herein fails in its essential purpose, and in
that event only, the Purchaser shall be entitled to a return of the purchase price for so
much of the material as ABC Geomembrane Company determines to have violated the
warranty provided herein. ABC Geomembrane Company shall not be liable for direct,
indirect, special, consequential or incidental damages resulting from a breach of this
warranty including, but not limited to, damages for loss of production, lost profits,
personal injury or propetty damage. ABC Geomembrane Company shall not be obligated
to reimburse Purchaser for any repairs, replacement, modifications or alterations made by
Purchaser unless ABC Geomembrane Company specifically authorized, in writing, said
repairs, replacements, modifications or alteration in advance of them having been made.
ABC Geomembrane Company's liability under this warranty shall in no event exceed the
replacement cost of the material sold to the Purchaser for the particular installation in
which it failed.

ABC Geomembrane Company neither assumes nor authorizes any person other than the
undersigned of ABC Geomembrane Company to assume for it any other or additional
liability in connection with the ABC geomembrane made on the basis of the Limited
Warranty. The Limited Warranty on the ABC geomembrane herein is given in lieu of all
other possible material warranties, either expressed or implied, and by accepting delivery



of the material, Purchaser waives all other possible warranties, except those specifically
given. '

Limited Warranty is extended to the purchaser/owner and is non-transferable and non-
assignable; i.¢., there are no third-party beneficiaries to this warranty.

Purchaser acknowledges by acceptance that the Limited Warranty given herein is
accepted in preference to any and other possible materials warranties.

ABC GEOMEMBRANE COMPANY MAKES NO WARRANTY OF ANY KIND
OTHER THAN THAT GIVEN ABOVE AND HEREBY DISCLAIMS ALL
WARRANTIES, BOTH EXPRESSED OR IMPLIED, OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE. THIS IS THE ONLY WARRANTY
THAT APPLIES TO THE MATERIALS REFERKED TO HEREIN AND ABC
DISCLAIMS ANY LIABILITY FOR ANY WARRANTIES GIVEN BY ANY OTHER
PERSON OR ENTITY, EITHER WRITTEN OR ORAL.

ABC GEOMEMBRANE COMPANY'S WARRANTY BECOMES AN
OBLIGATION OF ABC GEOMEMBRANE COMPANY TO PERFORM UNDER
THE WARRANTY ONLY UPON RECEIPT OF FINAL PAYMENT.

I hereby state that I have read and understand the above and foregoing

DATE:

Limited Warranty and agree to such by signing hereunder.

PURCHASER NAME; |

SIGNATURE:

TITLE:

ABC GEOMEMBRANE COMPANY:
President or Authorized Representative

Sworn before me this ----—-—- day of ----—— 199-
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