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EXECUTIVE SUMMARY

Stanwood Bio-Energy Producers, LLC (SBEP) is a groluStanwood dairy and egg
producers conducting a year-long, centralized madigester feasibility study. This
case study provides a preliminary technical evaunatf the manure pipe transport and
related site selection portions of this project]uding:

Technical evaluation of three proposed possibésdir the central digester
facility.

General layout of piping from dairies to the cehfaaility.

Preliminary pumping system analysis including ckltan of head losses, and
sizing of piping and pumps for each of the thréessi

Preliminary cost estimate for the piping network.

Energy use estimate for the piping network

Several pipeline design options with their advaesagnd points to consider are
summarized in Table 1. Recommendations for thogept are summarized in Section 8.

Description of the piping system: The proposed piping network would connect seven
of the 10 dairies via medium diameter PVC pipehtdentral digester facility. Manure
slurry would be pumped from underground manureagi@itanks on the dairy farms to
the digester. After processing in the digestesgksolids from the digester effluent
would be separated, and the liquid portion of tifileent would be pumped back through
the pipe network to the individual farm lagoonghis transfer of manure and effluent
would occur as frequently as once a day for sonteeofarms, and less frequently for
others. Approximately, 35,000 feet of piping wétlmaximum pumping distance of
approximately 21,000 is required for connectingesedairies to the piping system.

Central Digester Site Evaluation: Three sites have been considered for siting the
central digester facility as shown in Figures 1 andrhese are:

Site 1: Stubb Road
Site 2. Valde Road adjacent to the railroad
Site 3: Marine Drive

A site located near the physical center of theqmioarea, such as Site 2 on Valde Rd. is
preferred considering design simplicity and operal flexibility. Site 1, located at the
highest elevation and the extreme eastern pahegptoject area, is least subject to
flooding. Site 3 located on Marine Dr., a majoiSNeute to the west of the project area,
would be best of the three sites to interconneth tiie electric utility.

Flooding: While all sites are prone to flooding, Site 1 dalfh Road is 4 to 10 feet
higher in elevation than the other sites under icenation. At all possible digester sites,
regardless of location, the potential for floodstwuld be addressed in the design. This



can be accomplished by elevating equipment andriakstéhat are subject to water
damage by land fill or by locating on the secomilof a masonry building.

General Layout of Piping: The proposed layout of new piping, shown in Figutés
12, has been arranged to:

minimize railroad, road and stream crossings,

parallel roads and existing piping, and

traverse owner property as much as possible.
A final route for the pipeline has not been decidethis early stage in the design
process.

One-Pipe versus Two-pipe DesignA single pipeline could be used for both suppfly
raw manure to the central digester and returnfbfexit to the dairies. Alternatively, the
system might use two parallel pipes; i.e. sepgrigtes for return and supply. If Site 2 is
selected a third option is possible in which shaetdrn and supply piping is run to the
Farms 10 and 11 on the north branch of the pipetineshown in Figure 7, with separate
return and supply piping to the other dairies anehst and west branches.

Pipe Diameter: PVC pipe with diameters of 8 and10 inches with&% 10% solids
content has been considered in calculating systewes of head loss versus flow rate
(Figures 14 to 25 in Appendix A.) Ten inch diammetieould be considered only if
shorter pumping times are required, since its wastld be greater than with 8” piping.
Reuse of existing 6” irrigation piping was investigd but was not found to be practical.

Pumps: At the central digester, two return pumps are reoemded: a high-head pump
to serve dairies that are far from the plant atmhahead pump to serve closer dairies.
Similarly, two mobile trailer pumps are recommendede pump to be shared by dairies
far from the site and a smaller pump to be shayecldser dairies. In addition, a
dedicated return pump should be considered foregaiequiring frequent pumping of
large volumes, such as Farms 10 and 11. The additcost of this option might be
offset by lower operation costs. Approximate hposeer required for pumps are shown
on the system and pump curves in Appendix A.

Energy Use: Energy costs due to pumping are expected to be towar than labor

costs for operating the system on a daily basiéfef@nces in energy costs for the piping
system will not be a major factor in choosing bedwéhe three sites. Rather, selecting a
site with greater operational flexibility, which Nwiesult in lower labor costs, should be
prioritized.

Preliminary Cost Estimate: Preliminary cost estimates for several optionsrackided
in the Section 7. Estimates range from $1.0 t@ #dillion, depending primarily on the
pipe diameter selected and whether a one-pipeptp®system or combination is
selected.
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1. GENERAL DESCRIPTION OF OPERATION

For seven of the dairies north of the Stillaguanf®sler, manure slurry will be pumped
from each dairy to the central digester facilityamlire from the other three dairies will
be trucked. Two mobile trailer pump(s) can beteataaround the dairies regularly to
pump manure from dairies to the central digestme low-head pump will be shared by
dairies close to the plant and another high heagppshared by dairies located at a
greater distance. Similarly, digested slurry wél returned to dairies by two central
pumps—one high-head and one low-head—Ilocated atigiester plant.

Control valves, which may be either gate valveshmck valves, depending on design,
will be located at all tees off the main pipeliogdarms. These will be arranged and
operated so that slurry will be allowed to run ofnym dairy to digester directly with
piping to other dairies shut off. Return and syppping can be shared or separate or a
combination of shared and separate, as discussgection 3. These options affect the
number of valves that must be manually operated.

If a centrally-located site is selected, three patalent branches of pipe can be run from
this site to the dairies. Some additional pipirgyrbe required to ensure all branches are
completely independent, as shown in Figure 13xiBlle connections, rather than hard
piping with valves, may be used to connect thehdisge of the central pump to the
appropriate branch when returning digested slurry dairy from this site. Sites 1 and 3
do not have the possibility of independent branches

Minimization of Pathogen Transmission

The risk of pathogen transmission is an importansaeration when several dairies are
connected to a central digester by a shared pgelathogen transmission can be
minimized by the following:

1. Valve selection
Diaphragm valves have no cavities and minimal adrgarfaces that can harbor
pathogens. In contrast, knife gate valves — whrehalso suitable for slurry
service — contain cavities that may promote comaition. (Refer to Section
“Piping and Pipe Route: Selection Valves”.)

2. Back flushing with effluent
A single pipeline may be used to both supply mastugy to the central digester
and return effluent back to the dairies. In ttase; the risk of pathogen
transmission can be minimized by flushing the peémmediately returning
digested effluent back to the same dairy afteivdeyi of raw manure from that
dairy. (Refer to Section “Piping and Pipe Routele$tion Valves: Return and
Supply Pipe Options”.)



3. Separate return and supply pipe
Alternatively, separate return and supply piping/rba used, with the
disadvantage of a greater cost of installationthégen transmission in this case
is less likely than with shared supply and retuping, since the return piping is
never contaminated with raw manure slurry. (Refe®é¢ction “Piping and Pipe
Route: Selection Valves: Return and Supply Pipeddpt.)

Figure 1. Area Street Map
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2. PROPOSED DIGESTER SITES

Three locations for the central digester plant Hasen proposed, as shown on the
satellite images in Figures 2 to 5. Refer to Feguifor a street map of the area, also
showing these three sites. These sites are:

Site 1: Stubb Road (aka2®&ve. NW) just east of Farm 7 and north of the
railroad on Farm 7 property

Site 2. A site located near the physical centeéhefvalley, such as on Valde Rd.

Site 3: East of Marine Drive just north of thell8guamish River on Farm 3

It should be noted that these sites were chosdartmnstrate thregenerallocations for
a central digester system, only for the purpog@einitial feasibility inquiry. They are
identified as a means of raising issues that wbeldelevant at these locations or other
locations like them. Landowners have not beenamatl regarding specific parcel
availability or purchase, and final location of tigester may only be located in the
general vicinity indicated by these sites, notlomdpecific plots identified. These sites
do not represent specific recommendations by eegimg or other consultants.

Piping and pumps for Sites 1, 2 and 3 have beelyzethwith system and pump curves
for these sites included in Appendix A.

Advantages of each site are described below andhsuwized in Tables 1 and 2. Manure
and effluent pumping factors which influence thealoon of the central plant include:
- Flooding potential

Pipeline energy use

Cost of pipeline installation

Pipeline operation and maintenance costs (othere¢hargy)

Pump reliability

Manure/effluent transportation costs

Availability of property for sale

Sale of digester co-products

Flooding Potential

While flooding is possible at all sites, Site 1dast susceptible to flooding. The existing
buildings located on this site also indicate lofleoding potential, since buildings tend
to be constructed on high spots. The north sidbisfbuilding site is at a higher
elevation than its south side.

Factors other than elevation affect the potentiaflboding. For example, the area just
south of the railroad at the intersection of VaRtead has a higher potential for flooding
than the north side despite its slightly highewat®n because the railroad acts as a dyke,
which causes a floodway just immediately southt.oFHorence Road, just north of Site

3, also acts as a dyke reducing flooding on itsmside.



The recent flood during November 2006 was the Ergeabout three years. Marine
Drive was closed for two days due to water overtael. Sites 1 and 2 were also
flooded, but for less time than Marine Drive. Fdean the mid 1990’s were worse. In
these, flood waters rose almost up to the elevatidtioneer Highway at Farm 10 —
above the elevation of the 100 year flood plaiaraelevation of approximately 24 feet —
and behind the protection of the railroad.

Elevations of the three sites and dairies are showiable 3. Figure 6 shows elevations
of the area relative to the 100 year flood plaiiose-ups of each proposed site in
Figures 2 to 5 also show elevation contours infvat intervals. A topographical map is
included in Appendix D. Note there are discrepasdietween the flood plain map and
the other figures. For example, the flood plairpreaows Site 3 on Marine Drive as
above the flood plain even though contour maps shissite as at the same elevation as
Site 2 on Valde Road, which is below the 100 yé&srd plain.

Pipeline Energy Use

Estimates of annual energy use to pump manureféindre through the pipeline are
shown in Table 11. A centrally located site sustsde 2 would have lower energy use.
Site 1 would use approximately the same energytas3S Regardless, the energy costs
at all sites are expected to be low compared teratbsts.

Pipeline Initial Costs

The initial cost of the pipeline — including cosfsmaterial, labor equipment, and the
contractor’s overhead and profit — is not signifitta affected by location of the digester
site. While Sites 1 and 3 would require larger papnpump costs including spares are
estimated only to be approximately $20,000 mora Site 2. Pipe lengths are very
similar for all three sites, with Site 3 requirisgme additional piping at the west end of
the project area. Site 2 also would require sodditianal piping to keep all three
branches of the pipeline independent, as showingur& 13.

The greater potential for flooding may increaseitfigal cost for Sites 2 and 3 compared
to Site 1. Facilities at Sites 2 and 3 may reqoicze fill to raise the elevation of the land
and/or a taller masonry building for locating pumgsnerator and other sensitive
equipment on the second floor. These costs havkasm included in the preliminary
cost estimate (Tables 12 to 14)

Pipeline Operation and Maintenance Costs

Three independent branches of piping, as wouldossiple for a centrally located site,
such as Site 2, may result in lower pipeline openatosts. Independent branches would
enable pumping to or from different dairies simaétausly and so may reduce overall
pumping time. In addition, the operator may hareater flexibility in scheduling and
carrying out tasks.



Site 1 is less subject to flooding and so may Hawer operation and maintenance costs
associated with down time and lower risk of damiaggigester co-products and
equipment.

Pumping System Reliability

As shown in Figures 14 to 25 for a centrally lodad¢ée, more dairies at an intermediate
distance from the site can be served by eithehitfi@head or low-head pump. This will
improve reliability since the two pumps back eattteoup to a greater extent. On the
other hand Site 1 will have lower risk of down tiared equipment damage due to
flooding.

Manure/Effluent Transportation Costs

Site 3 might result in lower costs associated willcking manure if piping is extended to
Farm 6 at the east end of the project area. Ther divo dairies from which manure will
be trucked are both located very close to Site therwest end.

Sale of digester co-products

Site 3 on Marine Drive would have lower interconi@t costs to the electric utility.
Relatively little additional piping would be reged to run piping west beyond Farm 3 to
this site. Location of the central facility on Nteg Drive may also have transportation
advantages for other co-products generated byit¢fester, such as fertilizer or planting
medium.

Table 2. Advantages of Three Proposed Sites

Advantages
SITE1 - Lowest flooding potential due to higher elevation
Stubb Rd.
SITE 2 - Enables simultaneous pumping, possibly resultingwer labor
Valde Rd. costs
Slightly lower initial cost
Supply and return pipe options
High-head and low-head pumps back each other agteater
extent, resulting in greater system reliability
Lowest energy use
SITE 3 - Lowest connection costs to electric utility
Marine Dr. - Lower manure/effluent trucking costs if piping isrto Farm 6

10



Table 3. Approximate Elevations of Proposed Digest Sites and Dairies

Elevation Above

Elevation Relative

Elevation Relative

Facility Sea Level to Site 1 to Sites 2 & 3
(feet) (feet) (feet)
Site 1: Stubb Road 26 - -
Site 2: Valde Rd. 18 - -
Site 3: Marine Drive 18 - -
Farm 1 10 -16 -8
Farm 2 19 -7 1
Farm 3 18 -8 0
Farm 4 29 3 11
Farm 5 22 -4 4
Farm 6 31 5 13
Farm 7 29 3 11
Farm 8 21 -5 3
Farm 9 19 -7 1
Farm 10 15 -11 -3
Farm 11 21 -5 3

* Farms 1, 2 and 6 may not be connected to thdipgeystem.

Figure 2. Overview of Area Showing Three ProposeSflites for Biogas Digesitsr
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Figure 3. Overview of Proposed Site 1 for CentraDigester
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Figure 5. Overview of Proposed Site 3 for CentraDigester

ik 1 e

Figure 6. 100-Year Flood Plain
Elevations in feet with respect to the 100 yeaodl plain. Purple indicates areas below
the flood plain and green, above.

" ct015
5 15 to 10
[ 10t0 5
[ ] 5to0
[ ]100 year flood
[ ] otod
q " | e B 4tos
0 b e i, Bl sto12
i | e o |

13



3. PIPING AND PIPE ROUTE

An overview of the approximate pipe route propoeedransport of manure from dairies
to the digester is shown in Figure 7. Figures 82show detail views of pipe routes and
identify current property owners by numbdihe proposed pipe layout has been selected
to minimize road, railroad and stream crossing$lflow roads, and to run over property
owned by project participants as much as possitfgroximate pipe lengths to each
dairy from the three proposed digester sites amnsarized in Table 7 for this proposed
pipe route.

Manure will likely not be pumped from Farm 2 duddw treatment volumes. Farms 1
and Farm 6 also will likely not be connected to pheposed pipeline due to their
locations across the Stillaguamish River. Theanwntal cost of running piping to Farm
1, Farm 2 and Farm 6 are given in Table 13.

Characteristics of Manure Slurry

Characteristics of manure slurry used in sizingn@@and pumps are discussed in
Appendix C. In this analysis, it is assumed theuna slurry transported via pipeline
will have a solids content of 7% to 8%. This sslabntent is dilute enough to be easily
pumped, yet not too dilute for optimum digesterigies Actual total solids content of
manure in storage tanks and lagoons currently safigen approximately 2% to 10%,
depending on factors such as season and gutternagnavater. Solids content may be
adjusted by dilution with water or diversion ofrravater from the manure storage tank.

Crossings and Rights of Way

Table 4 lists road, railroad, and stream crossamgkrights of way across property owned
by non-participants of the project that would bguieed for the proposed pipe route
shown.

Stream and River Crossings

At least two water bodies must be crossed. Tlsé dnossing — the drainage ditch
running east-west just south of Farms 10 and Klrelatively minor and can be drilled.
The second is the Old Stillaguamish Channel to Faand Site 3. This crossing would
preferably be attached to the underside of the tyowad bridge. If this is not permitted,
directional drilling under the channel might be siolered.

The pipeline could also be run across the Stillagsa River to Farm 1 at the west end
of the project area and to Farm 6 at the east eFfiese crossings might be either
directionally drilled under the river or attachedcounty road bridges. For the case of
Farm 6, the pipe could also be attached to theoeadlbridge. In the proposed route
shown in Figure 7 and in the system curves showigares 14 to 25, it has been
assumed pipe would be run across the road bridggth regard to Farm 6, distances are
similar if crossing either the railroad bridge be tcounty road bridge and so from a
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piping perspective, neither is preferred over tthieeo The decision between these two
routes should be based on right of way or othereiss For both Farms 1 and 6, crossing
under the river results in shorter pipe lengths,rbaking the crossing would likely be
significantly more expensive and would not be jiesdi by savings in pipe costs and
energy use.

Rights of Way through Non-Participating Property

Right of way through property owned by non-partifs is most likely to be granted
along roadways by obtaining a franchise with thenty. The proposed route crosses
three non-participating properties along countydeo@Non-Participants 1 to 3.).

If pipe is also run to Farm 6, it could stay ontg#pating property if run over the
railroad bridge across the Stillaguamish Riveratthched to Pacific Highway county
bridge, as assumed in Figure 7, piping along theway would cross two additional
non-participating properties (Non-Participants 4 &h

Railroad Crossings

The railroad must be crossed twice to connect Farm® and 11 to the digester pipeline
system. There is an underpass &t 86e. that is convenient for running pipe between
Farm 7 and Farm 4. A crossing at Valde Rd. woelgiteferable for connecting to
Farms 10 and 11. This crossing would be directipiilled.

Road Crossings

Four and possibly five road crossings will be reegiiunder Norman Rd., 36ve.,
Valde Rd. and possibly Miller Rd. Various righfsaay along Norman Road will need
to be obtained from Snohomish County.
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Table 4. Summary of Rights of Way and Crossings*

East to West 1.Road crossing under Beve.

2. Railroad crossing at 86Ave. attached to underpass

3. Road crossing under Norman Rd. for lateral pipRad storage
tank

4. Right-of-way along Norman Road over property owhgdNon-
Participants NP3, NP9, NP8 and NP1

5. Road crossing under Valde Rd near intersection Ndhman Rd.

6. Right-of-way along Norman Road over property owhgdNon-
Participant NP2 and NP3 property

7. Road crossing either under Miller Rd. or Norman Rd.

8. Stream crossing over Old Stillaguamish Channethéd to bridge

North to South  9.Road crossing under Valde Rd. near intersectioh Ribneer
Hwy.
10. Railroad crossing at intersection with Valde Rdaectionally
drilled.

Additional To Site 3:
12. Road crossing under Norman Rd. on Farm 3

To Farm 6 (if crossing river on county road bajtg

13. Right-of-way along Norman Road over propesyed by Non-
Participants NP9 and NP5

14. Stream crossing over Pacific Highway bridge.

To Farm 6 (if crossing river on railroad bridge):
13. Stream crossing over railroad bridge.

* Rights of way and crossings required for propogip@ route shown in Figures 7 to 12

Pipe Size

Pipe diameter should be sized to maintain sufficketocity to keep solids entrained.
Considering that manure slurries typically confange solids that are prone to settling, a
design velocity of 5 or 6 feet per second (fpsifien recommended. A slurry with a
more uniform consistency may require velocitiesmly 3 to 5 fps. In this analyses pipe
diameters of 4 to 6 fps have been assumed.

The pipe diameter should either remain constashould have smooth, gradual
transitions between diameters, so the slurry doesxperience abrupt changes in
velocity. The preliminary analysis outlined in Applix A indicated that either 8” or 10”
diameter pipe may be used. Six inch diameter pipiag evaluated and resulted in
significantly greater head loss and, since exisBhdiameter irrigation pipe cannot be
reused (see Subsection “Reuse of Existing Pipietpw), is not recommended.

Advantages of 8” and 10” piping are summarizedabl& 5. Ten inch diameter pipe has
a higher initial cost, but would result in reduegtergy use, as shown in Table 11. The

16



reduction in energy use is not as much as migleixbpected since higher flow rates are
required to maintain a minimum velocity of 4 f@8erhaps the most important advantage
of ten inch diameter pipe is a 40% reduction in pung times (Table 10). This could
result in lower labor costs over the long run thialy offset the higher initial cost.

Table 5. Advantages of 8" Versus 10” Diameter Pipe

Pipe Size Advantages
8” Diameter - 12-15% lower initial cost (Table 12)
10” Diameter - 40% shorter pumping times (Table 10)
- 11-25% lower energy costs (Table 11)

Pipe Lengths

Overall Length of Piping System

The proposed piping system in which seven dainesannected requires 33,000 to
36,000 feet of pipe. If Farms 1, 2 and 6 are atamected, approximately 48,000 feet
would be required (Table 8).

Pipe Lengths From Dairies to Digester

Pumping requirements for each dairy is primariltedained by its distance from the
digester. Approximate pipe lengths from each darhe three digester sites are
summarized in Table 7. For optimum pumping, bathlongest run of pipe and the
difference between the longest and shortest rumsldlive minimized. On both these
counts, Site 2 is better than either Site 1 oN8te that the total length of the piping
system is not the sum of these distances from @aic to the digester.

The average distance of the dairies from the dégeanges from approximately 8,000
feet to 11,000 feet, depending on the digestettisiteis selected. The maximum distance
ranges from 14,000 to 24,000, depending on thesthgsite and the dairies that are
connected.

Actual distances between the dairies and digestevavy depending on the exact
location of the selected site. Lengths given ibl&& were assumed in calculating the
system curves shown in Appendix A.

Pipe Material

Typically PVC pressure pipe rated for 200 psi isdufor this type of application, except
HDPE is recommended under road, railroad and stoeassings. Any metal
components should be coated with asphalt, plas&poxy to retard corrosion.

All joints must be sealed so the pipe is waterttigfor PVC pipe diameters of about 8
inches or greater, gasketed joints are recommetdedo the difficulty of making
solvent welded (i.e. primed and glued) joints aigéapipe. Both gasketed and solvent-
welded joints are designed to be leak-free ovédeggdan of a hundred years or more, if
properly assembled.
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Return and Supply Pipe Options

One-Pipe System

A single pipeline can be used for both supply @f raanure to the central digester and
return of effluent to the dairies (“one-pipe systgnThis would require manually
reversing direction of the valves during supply aetdirn operations.

Two-Pipe System

As a second alternative, two separate pipelinekldmiinstalled (“two-pipe system”.)
Check valves (i.e. one-way valves) could be usezlig@matic valves in supply piping,
but manual valves would still be required in retpiping. This is because when
supplying slurry to the digester, there is a sirtgstination, the digester. Flow would
always pass through the valves in the same direétoon any dairy to digester, with
reverse flow to other dairies prevented by chedkegs In contrast, in return of effluent
manual valves must be used to select which dajpymsped to.

While the initial cost of installing two separat@glines would be significantly greater,
operational costs in the long run may be lessdafsystem requires less paid labor for
setting valves and pumping.

Combined System:

If Site 2 is selected, a third “combined systemti@apis available. In this option,
separate supply and return piping would be ruméngast and west branches of the
pipeline (Figure 7), while a single shared suppigt eeturn would be used in the north
branch to Farms 10 and 11. In the north brandieesavould need to be set only at the
tee between Farms 10 and 11, which is conveniémthted between the two farms.

Summary:

Advantages of these options are summarized in TablEhe primary advantage of a
one-pipe system is a much lower initial cost. Bibid two-pipe system and the combined
system have lower risk of pathogen transmissionwéxpipe system will also give the
operator greater flexibility in scheduling taskiscg simultaneous pumping is possible.

Using a smaller return pipe with lower flow rateasanvestigated, since the digested
effluent will have a lower solids content. Smatlean 6” diameter piping might be
possible but resulted in high head losses. lmirgbst estimates, 6” diameter return
piping was assumed.
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Table 6. Advantages of Return and Supply Pipe Optins

Option Advantages

Shared Return and Supply
(One-Pipe)

~

Lowest initial cost (Tables 12 and 14)

Lower risk of pathogen transmission
Shorter overall pumping times
Less manual setting of valves in return line regglir

Separate Return and Supp
(Two-Pipe)

y.

Lower risk of pathogen transmission

Separate Return and Supply;  Shorter overall pumping times

Except Shared to Farms 10 - Lower initial cost compared to completely separate
and 11 (Combined) return & supply

Less manual setting of valves in return line reggir

Selection Valves

Selection valves will be required at all tees stinat a pathway from one dairy directly to
the digester can be isolated. Valves must be gedhto minimize “dead ends” that may
compromise flushing of the line during return afifl from the digester to the dairy and
may result in settling of solids. To minimize anwlation, true wyes are recommended
over tees.

It is important to consult the manufacturer to eaghat valve type, materials and
construction are appropriate for this applicatidinat said, both knife gate valves and
diaphragm valves are generally well-suited for $farring abrasive slurries. Both of
these valve types have an unobstructed flow patmvwapen. Knife gate valves are
particularly suited for use with slurries that n@ntain solid masses. However, if
pathogen transmission is a concern, diaphragm sake preferred because they have no
cavities that can harbor contamination. Ball vaj\globe valves and butterfly valves
should be used in slurry piping. Use of manuapemated, epoxy-coated steel knife gate
valves is assumed in the cost estimate.

Keep in mind that closed valves will prevent isethsections of piping from naturally
draining. This will impact freeze protection respments if these sections include above-
ground portions.

Water hammeérdue to abruptly closing valves is not a conceintgesvalves are only
operated when the pump is not running.

One-Pipe System
Assuming two-way valves are used (as opposed ¢etvay valves), two valves are
required at each branch from the main pipelinedaigy.

! Water hammer can occur when a valve is turnedlffiptly, sending a pressure wave down the pipeline
that can damage the piping system.

19



Two-Pipe System

If separate return and supply piping is installb{pipe system), check valves (i.e. one-
way valves) can be used instead of manually-opesekection valves in supply piping.
Return piping would still require manually openisugd closing valves.

Grade Changes

As much as possible the pipeline should be rumabit is level or has a continuous

grade (up or down) to the digester. In particutaests where the pipe comes up to a high
point and then back down should be avoided becaiusends to get trapped at these high
spots and increases the head loss and, if the m@pumped fast enough, some of the
air can move through the pipeline, causing pressuirges. Tri-action valves located at

all high points minimizes this condition. Low ptaralso should be avoided due to
increased settling of solids. Clean outs coulgfoeided at low points in the pipeline,
where feasible, to minimize the downtime in thergubat the pipeline plugs up.

Since the valley is relatively flat, maintaining@ntinuous grade should not be a severe
problem, but still should be carefully considerdaew laying out pipe. To a certain
extent, grade changes can be reduced by varyingeghid of the pipe trench and by
following roads. Crests may be unavoidable in stonations, such as where pipe is
attached to the undersides of bridges.

Trenching

Use of a trencher is recommended, rather than excgva trench. With a trencher, a
specified slope between markers can be enterechievee accurate grades. Trenchers
create a cup-shaped bottom, ideal for bedding ith& dn the cost estimate, it has been
assumed separate trenches will be required fomrated supply piping.

Freeze Protection

The requirement for freeze protection can be redlocesliminated if above ground

piping is designed to drain completely when natse. During freezing weather, manure
may freeze at the dairies, so pumping in freeziegtiver would be unlikely to occur.
Even if the pipeline is operated in freezing wegtpamping at velocities of 4 to 6 fps, as
required to prevent settling, protects againstzireg Therefore, the primary freezing
risk is due to slurry standing in piping that does drain naturally. Note closed selection
valves will impact the ability of piping to drairaturally and must be considered in the
final design. Freeze protection has heéen included in cost estimates.

Reuse of Existing Piping
Reuse of existing 6” piping on Farms 7, 10 and &% wonsidered. However, during

certain seasons this piping is used for irrigaidrhours per day, 7 days a week and so
would not be available for manure pumping. Fos tieiason, use of the existing piping at
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these locations for delivery of manure to the digewas not included in the present

analysis.

Table 7. Approximate Lengths of Pipe from Each Day to the Central Digester

Approximate Pipe Length from Dairy to Digester Sité

Facility (feet)
SITE 1 SITE 2 SITE 3

Farm 1° 21,900 17,200 5,600
Farm 2° 15,800 11,200 3,700
Farm 3 17,600 12,900 1,300
Farm 4 4,200 7,300 14,600
Farm 5 12,100 7,500 6,700
Farm 6° 5,200 16,700 24,000
Farm 7 2,200 13,700 21,000
Farm 8 8,100 3,400 10,800
Farm 9 14,400 9,700 4,500
Farm 11 16,200 4,700 15,200
Farm 10 17,100 5,600 16,000

1 Overall length of the piping system_ is tlo¢ sum of these distances from each dairy tdlidpester.
2 Farms 1, 2 and 6 may not be connected to thdipipsystem.

Table 8. Overall Lengths of Pipe

Case

Overall Length

(feet)

Total excluding Farms 1, 2 and 6:

Site 1 33,100

Site 2 36,500

Site 3 34,400
Additional Pipe to Connect :

Farm 1 4,300

Farm 2 1,200

Farm 6 7,500
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Figure 7. Overview of Proposed Pipe Route
Approximate route of new piping (yellow) with pdsk& additional piping to Farms 1, 2

and 6, and Site 3 (red).

Figure 8. Proposed Pipe Route at West End of Valfe
Approximate route of new piping (yellow) with pask& additional piping to Site 3 and to
Farms 1 and 2 (red). Farm numbers and non-paaticifNP) numbers in this figure

indi ship, rather than locatibfaoilities.
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Figure 9. Proposed Pipe Route, Continuing East fra Figure 10.
Farm numbers and non-participant (NP) numbersigifiture indicate property
ownership, rather than location of facilities.
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Figure 10. Proposed Pipe Route, Continuing East from Figure 9
Farm numbers and non-participant (NP) numbersigifitjure indicate property
ownership, rather than location of facilities.
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Figure 11. Proposed Pipe Route, Continuing Eastdm Figure 10, East End of

Valley
Possible route of piping to Farm 6 is shown in rdéarm numbers and non-participant

(NP) numbers in this figure indicate property ovamgp, rather than location of facilities.

Figure 12. Approximate Pipe Route, Continuing Norh From Figure 9.
Farm numbers and non-participant (NP) numbersigifidure indicate property
ownership, rather than location of facilities.
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Figure 13. Additional piping for Site 2

Three independent branches possible for Site ihdreated in red (north), pink (west)
and yellow (east). Note parallel piping requiredvizeen the central plant (purple) and
point A where west and east branches converge.
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4. PUMPING REQUIREMENTS

Two sets of pumps must be selected: (1) mobilelgyppmps to push manure slurry
from the dairies to the digester storage tank @hdeturn pumps located at the central
digester for return of effluent to the dairies. addoss varies dramatically depending on
which farm is being pumped to or from. One waynafeting this wide range of pumping
requirements is to use one high- and one low-healensupply pump and one high-
and one low-head central pump, for a total of faumps (2 mobile and 2 permanent).
System and pump curves showing head loss versugdi®, assuming this strategy is
used, are included in Appendix A. The method ¢ddating system curves is also
summarized in Appendix A.

In this preliminary analysis, it has been assurhatiieturn and supply pumps will
require similar performance characteristics, dutaéominimal elevation differences
across the area. In the design phase, the differiensolids content between manure
slurry and effluent and differences in elevationsidd be considered.

Information on pumps suitable for pumping manutgrgés and general considerations
when pumping slurries are contained in Appendix@&ntrifugal pumps are appropriate
for this project. A semi-open or open impelleless efficient, but is also less prone to
plugging and is able to handle semi-solids.

Pumping Volumes

Table 9 shows anticipated annual and daily treatw@nmes. Annual treatment
volumes were obtained from interviews with dairynans (Mattocks 2006). Average
daily volumes shown equal annual treatment voludndded by 365. The total peak
daily volume is the sum of the estimated peak dallymes for each farm, which were
estimated as the lesser of twice the daily aveoaglee farm’s day tank volume.

Daily Pump Times

The maximum daily pumping time is important to estie to ensure that pumping and all
related tasks can be performed within an 8 hotit. sHiowever, estimating the maximum
time pumps will operate in a single day over therse of the year is difficult, due to
variations with season. Frequency of pumping a#sces between the farms. A few
farms pump on a daily basis, but most do not.

Rather than attempting to arrive at a realisticg@ah very conservative, unrealistic case
was examined. In this hypothetical case, all fasosply their peak daily volume of
manure slurry to the digester and receive an egplame of digested effluent in a single
day. The peak treatment volume was estimatedaitin &arm as either the total volume if
its day tanks or twice its daily average treatmeme (i.e. annual treatment volume
divided by 365 days). This scenario was calculétedarying the following parameters:
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Site 2 versus either Site 1 or 3, 8” or 10”"pipenuidier, separate or shared return piping,
and with and without dedicated pumps for FarmsridHL. Results for a worst case and
a “better” case for both 8” and 10” pipe are sumgga in Table 10. The second case is
labeled “better” rather than “best” to make cldsttit is still conservative and not
representative of the best case of a more readisénario.

For both pipe sizes, the shortest pumping timedgsiired if separate return and supply
piping is installed and if Site 2 is chosen. la thorst case, a single 8” pipe is shared for
both return and supply, and the digester is locatesither Site 1 or 3. For these
scenarios, maximum overall pumping times, not iditig set-up time, ranges from 3 to
10 hours for 8 inch pipe diameter and 1 to 6 héarrd.0” pipe.

Overall pumping time can be reduced by three grate

1. Separate return and supply piping enables simutasupply and return
pumping.

2. If Site 2 is selected, three independent branchpge would enable
simultaneous pumping.

3. Larger diameter pipe reduces pump times.

Electric versus Diesel Pump at Central Plant

It is assumed the mobile pumps will be diesel p@derThe central pumps at the digester
plant may be either electric or diesel poweredinga diesel powered pump station
would give flexibility to operate the pump at thesbspeed for each site. It would also
provide the ability to slowly increase the pressarthe pipeline to minimize pressure
surges in the system. If electric pumps are usatkble speed drives should be
considered.

However, for this project an electric central puspecommended. If both high- and
low-head pumps are installed, operation at vargimeeds will likely not be necessary.
Also, an electric pump could make use of eleciriggnerated on site.

Dedicated Pump for Farms 10 and 11

An additional pump could be dedicated to FarmsridHL (10 hp estimated for Site 2).
Installing dedicated pumps would reduce overall pung time by enabling simultaneous
pumping if a centrally located site is selectedl.adidition, labor costs due to setting up
the pumps and valves would be reduced.

Throttling Valves to Adjust the Pump Operation Point
Throttling valves may be used to adjust a systemecup (higher head, lower flow) to
improve the point of operation of the pump to,deample, avoid cavitation or reduce

excessive velocity. As much as possible, pumpsldime selected to perform well over
the range of heads required without the use ottthrg valves. It is important that any
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throttling valves used be located at the pointarfreection of the mobile pump to the pipe
at each dairy so that any plugging can easily eardd out.

Pump Manufacturers

There are several manufacturers and suppliersrappispecifically designed for
pumping manure slurries. These include:
- Cornell Pump Companwww.cornellpump.com/a¢s03)653-0330
Daritech, Inc.,http://www.daritech.com/page2.html
Farmer Equipment Co., http://www.farmersequip.com
Hydro-Engineering, Norwood Young America, MiNww.hydro-eng.com
Vaughan Chopper Pumpsww.chopperpumps.com
Volgesang USA http://vogelsangusa.com

Daritech, Farmer Equipment and Hydro-Engineerihale significant experience
pumping manure for dairies. Cornell Pump Compamyeseboth the municipal and
agricultural sectors. Cornell Pumps recommend tiain-Dry” option which keeps the
seal faces lubricated with oil to reduce wear issue

Table 9. Total Day Tank Storage and Anticipated Teatment Volumes
(Farms 2 to 11)

Day Tank Storage Volume 544,000 gallons
Annual Treatment Volume 27,740,000 gallons per year
Average Daily Treatment Volume 76,000 gallons ey d
Estimated Peak Treatment Volume* 133,400 gallomsipg

* The sum of peak treatment volumes for each favhich were estimated as two times the averageeor th
farm’s total storage tank volume, which ever isles

29



Table 10. Conservative Estimates of Daily Pumpingimes*

Estimated Pumping Time
Case Average Maximum
(hours/day) (hours/day)
Worst case:
8” Pipe, Site 1 or 3, Shared Return and 5.0 9.9
8" Supply,
Better Case:
8” Pipe, Site 2, Separate Return and Supply, 1.3 2.6
Dedicated pumps at Farms 10 and 11
Worst case:
10” Pipe, Site 1 or 3, Shared Return and 3.1 6.1
» | Supply
10 Better Case:
10" Pipe, Site 2, Separate Return and Supply, 0.8 1.6
Dedicated pumps at Farms 10 and 11

* For the “worst cases”, pumping times include bethptying the treatment volumes given in Table @ an
returning the same volume of effluent for @dliries on a daily basis. For the “better casgsimping times
do not include returning effluent since it is assdnthis can be accomplished at the same time gdysup
and also do not include pumping from Farms 10 andSince most dairies do not require daily pumping
actual pumping times will generally be much legsaibcases.
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5. OTHER SYSTEM COMPONENTS

Spare Pump(s)

Wear on pump bearings and seals can be rapid wimapipg animal manure waste. The
severe pumping conditions can also damage corgnalssalves. Spare pumps should be
readily available. Cost estimates assume spatebempurchased for all four pumps.

To a certain extent, the high- and low-head pungpsback each other up, but only for
the dairies that are an intermediate distanced®#fected sites. Back up coverage is
greatest at a centrally located site. In the systerves in Appendix A, the system
curves of dairies that have intercepts with bothiitgh-head and low-head pump curves
within the yellow-shaded areas of the figure casdrwed by either high- or low-head
pumps. Cost estimates assume spares will be meadtar all four pumps.

Clean-Outs

Clean-outs should be installed at minimum of appnaxely every 800 feet. In

particular, clean-outs should be installed at@il points, where feasible. To determine
the spacing of clean-outs, a local company thdbpas high pressure water jetting of
storm, sewer and septic drainfield piping (Cuz Getein Arlington) was contacted to
find out the maximum length of their jet hose aedtl tfheir spacing recommendations.
Cuz Concrete typically carries 500 feet of jet hoseheir trucks. Thus, jet hose will be
able to reach approximately 500 feet on either sfd®ach clean-out, so a spacing of 800
feet will provide redundant coverage for 25% of pliygeline.

Note that clean-out ports are not universally rec@nded because they introduce edges
that can cause settling of large solids. Sizimyng to maintain high velocities and
following other guidelines to avoid settling witduce the need for clean-outs. If a plug
occurs and clean-outs are not installed, howekerrépair will involve digging up a
portion of the pipeline.

Air Venting, Pressure Relief and Vacuum Protection

Tri-action or combination valves serve three fumasi air venting, pressure relief and
vacuum protection. Combination valves should lmvigled at all high points in the
piping where feasible and where environmentallynsbu

For safety reasons, bleed-off valves must be peavat all access and cleanout ports to
ensure pressure is relieved before a cap is remaowveaddition, pressure relief should be
installed in any section of piping that can beasedl by valves.

2 Automatic pressure relief may release untreateduneaslurry from the supply line to the environment
Relief valves must be located to minimize negatioesequences if this occurs.
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Flexible Connections

Flexible connections will be used to connect mopuenps to piping at each dairy. At
Site 2, connection of pump to each branch coulchade with flexible connections or
valves.

Freeze Protection

Freeze protection may not be required, as discuasgdction 3 above, if pipe is buried
below the frost line as much as possible and algpgend sections of pipe are drained
when not in use. Note that the ability of piptegdrain will be impacted by closed
selection valves. If it is decided that freezet@ction is required, this may be
accomplished by electrically heating above-grousatiens and casings for valve stems
and access ports in cold weather.
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6. ENERGY USE

Annual energy use of pumping manure is relativetals ranging from $1,000 to $2,500
for a solids content of 8%, as shown in Table Therefore, labor costs and initial costs
will be much more important in making site seleatand design decisions. Energy use
is low because pumps are used only foaaerageof 3 to 4 hours per day over the
course of the year for both return and supply punapi

Site 2 has lower energy costs than the two othes.siUsing 10” piping versus 8” piping
uses slightly less energy. For all cases, actuaigy will vary, primarily depending on
pump selection and whether high- or low-pumps aezldor dairies located at
intermediate distances from the central digester.

Energy was estimated for each case using pumpyestehs curves shown in Appendix A
based on the proposed pipe route and assumingnticgated total annual treatment
volumes for each dairy summarized in Table 9. Nlo&t because we are concerned with
annualenergy use, théaily pumping times in Table 10 were not used in thergp
estimate and none of the assumptions used in #xigeates are relevant here.

Table 11. Estimated Energy Use for Supply and Retn Pumping

: . . Energy Use Energy Cost*
Pipe Diameter Site (KWhiyr) ($iyr)
8" Pipe S!te 1 28,800 $2,304
8% Solids Site 2 14,300 $1,144
Site 3 31,400 $2,512
" D Site 1 20,000 $1,600
8%,2 SPOIﬁdeS Site 2 11,600 $928

Site 3 20,400 $1,632
8" Pipe S!te 1 53,400 $4,272
10% Solids Site 2 37,400 $2,992
Site 3 75,800 $6,064
" D Site 1 36,300 $2,904
1(1)9/0 g'(f”eds Site 2 24,200 $1,936
Site 3 45,600 $3,648

* At an energy cost of $0.08/kWh
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7. PRELIMINARY COST ESTIMATES

Preliminary cost estimates of piping options fae3 are shown in Table 12. Estimates
range from $1.0 million to $1.7 million. Incremahtosts associated with the other
digester sites and for several options are givérainies 13 and 14.

Table 15 summarizes all elements that are includ&dtial cost estimates. These unit
costs are primarily based on RSMeans (2006) caat daenching costs and pump costs
were obtained from vendors. Labor and materiatiscloave been increased by 30% to
account for overhead and profit. A contingenc$®®,000 has been added to all
estimates to account for miscellaneous or unexgexists.

Estimates do not include costs such as for additihmaterial or special building
design as may be required to protect the digeatdrty from flooding. Estimates also
do not include costs for obtaining rights of wdiyhas been assumed that separate
trenches will be required for return and supplyimp Linear costs for pipe include the
costs of all fittings, such as elbows. The costtdching the pipe to the undersides of
bridges was roughly estimated by doubling the ocbghie pipe for these sections.

Table 12. Preliminary Total and Incremental Cost Etimates, Site 2

Pipe Size Return Option Total Incremental Cost*
8” Shared 980,000 -
8" Partial 6” Return 1,405,000 $425,000
8” Complete 6” Return 1,504,000 $524,000
10" Shared 1,132,000 $152,000
10" Partial 6” Return 1,584,000 $604,000
10” Complete 6” Returrn 1,678,000 $698,000

* Additional cost compared to the base case ofipé pvith shared return and supply

Table 13. Estimates of Incremental Cost of Additinal Piping*

Pipe Size Connection Return Option Incremental Cost
& ToFam 1 Separ\?art](i1 r66”O|Return $§591253(,)%%o
i ToFarm 2 Separ\?slt[]éjl r66”0|Return $$?5140(())80
& ToFarm 6 Separ\?art](i1 r66”O|Return $§§5950880

* Compared to similar case with 8” pipe in Table 12
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Table 14. Incremental Costs of Other Options

Option Return Option Incremental Cost*
Site 2 Dedicated mobile pump for Farms
10 and 11 ] $15,000
Slte_lor 3_Larger pumps i $20.000
(including spares)
Site T ~3,000 ft. less piping & trenching Shared -$54,000
compared to Site 2 Separate 6” Returr -$92,000
* Compared to similar case with 8” pipe in Table 12
Table 15. Unit Costs Assumed in Preliminary Cost &imates
Installed
Component Unit Unit Cost
w/O&P
Initial field stake-out and Day $985
determination of elevations
PVC pressure-pipe, gasketed 6" |f. $11.70
(200 psi), including Els 8" f. $15.60
10" |.f. $19.50
Trenching 8" f. $1.65
10" |f. $215
Railroad crossing (boring) L.f. $385
Road crossings (boring) |f. $310
Central Pumps:
One high and one low
pressure electric pumps
Material costs ea. $27,000
Other Costs Total $30,000
Mobile trailer pumps: .
One high and one low ea $39,000
pressure
Control valves: two-way 6" & 8" ea. $875
epoxy-coated steel gate valve 10" ea. $966
Clean-outs ea. $400
Tees ea. $342
Tri-Action Valves (air venting ea. $400
and pressure relief), epoxy- ea.
coated steel
Flexible connections ea. $150
Contingency Total $50,000
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8. RECOMMENDATIONS

From a piping system design perspective, a ceplatiated site is recommended. The

possibility of simultaneous pumping at this sitdi Vikely reduce labor costs by reducing
overall pumping times. A centrally located sitdl\wiso improve reliability since there is
more overlap in the operation ranges of the higig-law-head pumps. The energy use
of a centrally-located site is less than that filesS| or 3, although energy costs are not

large at any of the sites evaluated.

If a centrally located site is selected, it is intpat that any additional piping necessary
to create three independent branches of pipings cldser this site is to the point where
the three branches of the pipeline converge, assi Figure 13, the less additional
piping will be required.

Energy use for pumping is expected to be small @etpto the labor costs associated
with operation of the pipeline. The operationaht&gy (i.e. order of pumping from each
dairy) should be carefully examined to arrive aeatimate of labor costs. A good
estimate of labor costs is necessary in evaluatiagphay back of certain options that
increase first costs, including the installatioraafeparate return pipeline, installing a
dedicated pump for Farms 10 and 11, and additioipal runs to Farm 2 and Farm 6.

Eight inch diameter piping will have a 12-15% lowestallation cost than 10” diameter
piping and so based on this preliminary analysigijge is recommended for the pipeline
system. The additional pumping time required \@itlpipe is not likely to be a problem
because most dairies do not require daily pumpueg eluring the rainy season. Energy
use is somewhat less with 10” than with 8” piping the difference is small compared to
the additional first cost.

Regardless of location, the potential for floodstgpuld be addressed in the design by
elevating equipment and solids handling areass ¢&n be accomplished by land fill and
locating equipment such as the generator, pumpsa@midols on the second floor of a
masonry building.
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APPENDIX A: SYSTEM AND PUMP CURVES

System curves and pump curves — which show theaethip between flow rate (gpm)
and total head (ft. $0) — are used in sizing piping, selecting pumpsamalyzing energy
use. In system curves, the total head represeegsyre drops due to the fluid moving
through the pipe and differences in elevationpump curves, the total head represents
the pressure the pump is able to provide to couh&epressure drops of the system.

This appendix includes system curves for 8" andRAWC pipe. Six inch diameter pipe
was also examined, but these curves are not inglbhdee due to their very high head
losses. For each case, the point of operatioouisd by the intersection of the pump
curves (dashed lines) and system curves (solid)lioe plots of flow versus head loss
(Figures 14 to 25). The point of operation muBt@hin the yellow-shaded areas on
these figures to maintain a velocity between 4 &iffs.

Because the differences in elevation across tHewate small and distances are long,
total head is dominated by friction losses of thenare slurry flowing in the discharge

pipe.

Calculating System Curves
Total Head

The total head that a pump must develop to moWgicthrough a piping system at a
particular flow rate is the sum of the followingnesponents:

- static discharge head (equal to the elevationesthrface of the liquid in the
discharge tank, or the discharge outlet if opetiéoair, minus the elevation of the
pump datum)

- static suction head (equal to the elevation ofpin@p datum minus the elevation
of the surface of water in the suction bay, i.e.dhairy’s storage tank.)

- velocity head, at the discharge nozzle of the pump where

2
h, :\2/—9 = 0.0155/% for V in [fps] andh, in [feet].
- friction head los$x

Velocity head is
2
h, =\£—: 0.0155/2 for V in [fps] andh, in [feet].
g
For a velocity V of 3 fpshy is negligible at 0.1 ft.

These components are all fairly straightforwardegdor the friction loss, which
requires a slightly more detailed calculation.
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Calculating Friction Head Loss

To calculate friction losses, we first calculate thction head loss for clean water, using
standard engineering methods outlined in texts ssdRoberson and Crowe et al (1985).
The result for clean water is then multiplied bg friction loss ratio, which accounts for
the greater viscosity of slurries compared to watet the slurry’s “non-Newtonian”
behaviof. (Refer to Appendix C.)

Head loss is calculated by the Darcy-Weisbach emuat
2
hf =f LV_
D 2g
wherelL is the effective length of pipe (including botrcBan and discharge linesy,is
the velocity,D is the inner diameter of the pipe and the friction factor. The friction
factorf was found using the explicit Swamee-Jain correfafinstead of the Moody
diagram) relating to the Reynold’s numbdReand the relative pipe roughndgf:
¢ = 025
k 574
+

lo s
g 37D Re%

2

The Reynold’s number is
Re= VDr
m
where for clear water densityequals 62.2 IbmAtand kinematic viscosity equals 1.0

centipoise. Absolute pipe roughnés$or PVC is 6.0k 10° inches.

The friction loss due to fittings was assumed t&¥#eof the total. Approximate pipe
lengths, summarized in Table 7 for the three sitese taken from electronic “ecw”
graphics, which are based on GPS data for the $hese distances were increased by
10% to account for routing to the storage fac#itom site, routing around obstacles and
low points and accuracy in marking out piping orpsia

Static head differences on the suction and disehside is 11 feet or less, as shown in
Table 3. In this preliminary phase of the analysiatic head difference has been
neglected.

% In essence, the viscosity of Non-Newtonian fluidsies as fluid velocity changes, in contrast to
Newtonian fluids, such as clean water, which hagstant viscosity.

40



Figure 14. Site 1 System and Pump Curves, 8” Pip8% Solids
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Figure 15. Site 2 System and Pump Curves, 8” Pip8% Solids
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Figure 16. Site 3 System and Pump Curves, 8” Pip8% Solids
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Figure 17. Site 1 System and Pump Curves, 10" Pip&% Solids
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Figure 18. Site 2 System and Pump Curves, 10" Pip8% Solids
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Figure 19. Site 3 System and Pump Curves, 10” Pip8% Solids
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Figure 20. Site 1 System and Pump Curves, 8" Pipe, 10% Sd$
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Figure 21. Site 2 System and Pump Curves, 8” Pip&0% Solids
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Figure 22. Site 3 System and Pump Curves, 8” Pip20% Solids
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Figure 23. Site 1 System and Pump Curves, 10” Pip#0% Solids
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Figure 24. Site 2 System and Pump Curves, 10" Pip#0% Solids
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Figure 25. Site 3 System and Pump Curves, 10” Pip#0% Solids
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Table 16. Fluid Velocity Given Flow Rate and Insid Pipe Diameter

Flow Rate Velocity (fps)

(gpm) 6” 8” 10”
100

200 2.3

300 3.4 1.9

400 4.5 2.6

500 5.7 3.2 2.0
600 6.8 3.8 2.5
700 7.9 4.5 2.9
800 5.1 3.3
900 5.7 3.7
1,000 6.4 4.1
1,100 7.0 4.5
1,200 4.9
1,300 5.3
1,400 5.7
1,500 6.1
1,600 6.5
1,700 6.9
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APPENDIX B: PUMPING SOLIDS IN SUSPENSION

When pumping solids in suspension, it is importarkeep the solids entrained in the
fluid and to avoid plugging. It is also importdatoperate the pump near its highest
efficiency and to avoid cavitation.

Pump Type

Two general types of pumps are used for transfgmanure: centrifugal and
displacement. For this project, only centrifugaimps are appropriate. According to
USDA (1999), centrifugal pumps are available fomping manure slurries having
maximum total solids up to 10 to 12% at flow ravsésip to 1000 gpm (although
distances may be limited at such high solids cdhten contrast, displacement pumps
(helical screw, piston, air pressure transfer, diaghragm) have maximum flow rates
that are much lower (<300 gpm for helical screw diagphragm pumps and <150 gpm
for piston and pneumatic pumps). Helical screw psig@so have lower maximum solids
(4-6%) than required for this application. In admh, with screw pumps the manure must
be free from hard or abrasive solids.

Vertical- or inclined-shaft centrifugal pumps haveelatively wide clearance, which
helps to avoid plugging. A closed impeller is @#nt with liquid waste, but plugging
with tough, stringy solids and chunks can be tresbime. A semi-open or open impeller
is less efficient, but is also less prone to plaggand is able to handle semi-solids.
Although generally inefficient, a sloped and curgedni-open impeller design minimizes
flow cavitation and solids plugging. A sharp, hemdd chopper-blade attachment at the
pump inlet can break up tough materials aheadeointipeller (USDA 1999).

General Guidelines

The guidelines below are based on comments fromrabmanufacturers and consultants
with experience pumping manure. In addition, gahguidelines for system design
when pumping suspended solids are summarized inli@hlstries’ “Hydraulic

Handbook” (1973). The USDA'’s “Agricultural Wasteadagement Field Handbook”
(1999) makes recommendations specific to pumpingariure. The following general
system design recommendations are based on thegefevences as applied to this
particular project.

Guidelines for improving pumpability and avoidingiting and plugging are:

1. The system should be designed so solids pass thadugassages in the piping
system, impeller and volute.

2. Manufacturer’'s recommendations and data shouldhsutted to ensure that:

(a) The pump materials and construction are apatpfor the characteristics of the
manure slurry to be pumped.
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(b) The design velocity is appropriate for the pucharacteristics and design.

. For optimum pump performance and to avoid cavitatibe pump should be selected
such that:

(a) The head is not much lower than the head & gti@iency.

(b) The capacity is not much higher than the capatipeak efficiency.

. While some dilution will be required for the sluiy flow well, avoidexcessive
dilution of the slurry. Large solids stay entrairgetter in slurries that are thicker,
but at the expense of higher friction losses.

. Maintain sufficient fluid velocity to keep solidateained. The optimum velocity will
vary depending on characteristics of the manur@ns@@ering that manure slurries
typically contain large solids that are prone ttilis®, a design velocity of 5 or 6 feet
per second (fps) is often recommended. A slurth @imore uniform consistency
may require velocities of only 3 to 5 fps.

. Arrange PVC pipe so the bell end is directed towthedsupply pump. This way the
slurry does not strike the butt end of the inn@epdirectly, essentially making a
smoother transition over the joint.

. After transfer of manure slurry, flush the pipelingh clean water or digested
effluent.

. Use variable speed diesel pumps or variable speeesdvith electric pumps to give
the flexibility to operate the pump at the bestegpgiven the characteristics of the
slurry (refer to “Pumps” section below).

. Consider using chopper pumps and/or grinders toaagthe consistency of the
slurry and reduce the size of large solids (redeéPumps” section).
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APPENDIX C: CHARACTERISTICS OF DAIRY WASTE

Manure slurry consists essentially of solids sudpdnn water. Manure slurry typically
contains bedding materials, such as straw, andrwagas in flushing and washing. It
may contain rain water from uncovered concretessiatnofs are not guttered. The
slurry may also contain sand or grit. Stringy neassf straw and other large solids can
cause plugging of pumps and prevent proper seafiuglves. Grit and sand increase
abrasion of the surfaces of piping, pumps, valvesa@her components.

The total solids content of the slurry stronglyeats friction loss in piping. Solids
content of manure slurry typically ranges from apgmately 2% to 10%. Table 17
gives total solids of dairy waste typical for hewdgh moderate to high milk production
(USDA 1999). Solids content may be adjusted teréam extent by, for example,
dilution with wash water or diversion of rain wafesm the manure storage tank. Note
in centralized digester systems, there may bede téf between diluting the slurry so it
is pumpable, while still maintaining a solids conttthat is optimum for the digester.

The increased friction due to the solids conterharacterized by the “friction loss ratio”
or the ratio of friction loss of the slurry to traftclear water. The friction loss ratio for
digested sludge with solids content ranging fromtd%0% and for pipe diameters from
6” to 10” has been determined experimentally arghisvn in Figure 26 In addition to
accounting for the greater viscosity of slurriespared to water, the friction loss factor
also accounts for the slurry’s non-Newtonian beb@vi

The target total solids content assumed in thi$yarsais 7% to 8%, which is dilute
enough to be easily pumped, yet not too diluteoftirmum digester design. Regarding
pumpability, notice in Figure 25 that over the ramg 3 to 5 fps, the friction loss ratio for
pumping a manure slurry that is 8% solids rangas ft.5 to 1.0. In other words,
friction loss is not much more than that when purgpilear water. In contrast, for 10%
solids the friction loss ratio ranges from 2.7 1@ for the same range of velocity — or
about twice that when pumping 8% solids. A sotidstent of 10% requires larger
pumps, as shown in Figures 14 to 25, and will tesujreater pumping energy use, as
shown in Table 11.

Manure slurry tends to be acidic, which may affeainp seals and other components.
Be sure to discuss this issue with manufactureensuire that pump and valve materials
are appropriate for this application

* Data for digested sludge is extracted from Calustries’ “Hydraulic Handbook”. Use of data for
digested sludge is recommended for designing pigystems for conveyance of manure slurries in the
USDA’s “Agricultural Waste Management Field Handkto

® In essence, the viscosity of Non-Newtonian fluidsies as fluid velocity changes, in contrast to
Newtonian fluids, such as clean water, which hawestant viscosity. The Moody diagram is shown in
Figure 10-8 of “Engineering Fluid Mechanics”, thedition, by Roberson and Crowe.

51



Table 17. Typical Total Solids of Dairy Waste

Waste Source Total Solids
(% by weight)
Lactating Cow, As Excreted 12.50
Milk House 0.28
Milk House & Milk Parlor 0.60
Milk House, Milk Parlor & Holding Area. 1.50
Holding Area scraped and flushed.

Lagoon, Anaerobic Supernatent 0.25
Lagoon, Anaerobic Sludge 10.0
Lagoon, Aerobic Supernatent 0.05

Source: USDA (1999), Tables 4-3 to 4-7.
* “Supernatent” is taken from the upper layer atarage lagoon or tank, while “sludge” is takemirthe
bottom.

Figure 26. Friction Loss Ratios for Digested Sludg Slurries with 4% to 10%
Solids*

Friction Loss Ratio for 6" to 10" Diameter Pipe
Digested Sludge
10% SOLIDS: y = -2.848E-03x 5 + 7.185E-02x* - 7.039E-01x® + 3.374E+00x? - 8.184E+00x + 1.074E+01
8% SOLIDS: y = -6.715E-03% ° #+ 1.498E-01x* - 1.292E+00x° + 5.421E+00x? - 1.136E+01x + 1.106E+01

6.0

5.0
7% SOLIDS: y = -1.569E-03x ° + 3.827E-02x* - 3.742E-01x® + 1.860E+00x? - 4.784E+00x + 6.163E+00

6% SOLIDS: y = -2.32E-03x 5 + 5.69E-02x* - 5.40E-01x° + 2.48E+00x? - 5.46E+00x + 5.58E+00

4.0

5% SOLIDS: y = -1.327E-03x ° + 3.152E-02x* - 2.899E-01x3 + 1.284E+00x? - 2.727E+00x + 3.208E+00

3.0

2.0

Friction Loss Ratio

1.0

0.0 T T T T T T 1
1.0 2.0 3.0 4.0 5.0 6.0 7.0

Velocity (fps)

4% SOLIDS: y = -6.637E-04x 5 + 1.463E-02x* - 1.230E-01x® + 4.887E-01x2 - 9.077E-01x + 1.623E+00

* Friction loss ratio is the ratio of the slurrydiion loss to that for clean water.

Sources: Adapted from Figure 44 of “Hydraulic Haadk” by Colt Industries and Table 11-1 of
“Agricultural Waste Management Field Handbook”, UD#®partment of Agriculture, Soil Conservation
Service, June 199%ww.wcc.nrcs.usda.gov/awm/awmfh.html
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APPENDIX D: TOPOGRAPHICAL MAP

Figure 27. Topographical map of area

From TopoZonewww.topozone.com
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