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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  subdr ai nage syst ems f or  dr ai nage of  
wat er  f r om under  t he gr ound usi ng pi pes l ess t han 
300 mm 12 i nches i n di amet er .

Adher e t o UFC 1-300-02  Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Criteria Change Request (CCR) .

**************************************************************************

PART 1   GENERAL

1.1   UNIT PRICES

**************************************************************************

The par agr aph as wr i t t en cont empl at es t aki ng bi ds on 
a uni t - pr i ce basi s.   When i t  i s  det er mi ned t hat  a 
l ump sum cont r act  may be mor e advi sabl e,  t he 
par agr aph wi l l  be del et ed.

Del et e par agr aph UNI T PRI CES f or  Navy pr oj ect s.
**************************************************************************
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1.1.1   Pipe Subdrains

Measure the length of pipe installed from end to end along the centerlines 
without any deduction for the diameter of the manholes.  Pipe will be paid 
for according to the number of linear  meters  feet  of subdrains placed in 
the accepted work.  Payment for bedding and [drainage layer] [filter] 
materials, except geotextiles, will be included in the payment for the 
pipe subdrain system.

1.1.2   Blind or French Drains

Blind or french drains will be paid for by the linear  meter  foot  and 
measured from end to end along the centerlines of the completed drains.

1.1.3   Manholes

Manholes to be paid for will be the number of manholes completed with 
base, rungs or ladders, frames, and covers or gratings (where specified) 
constructed in the accepted work.

1.1.4   Flushing and Observation Risers

Flushing and observation risers to be paid for will be the number of 
flushing and observation risers completed with frames and covers (where 
specified) constructed in the accepted work.

1.1.5   Geotextile

Measure geotextile for payment by the square meter  [yard][foot]  in place.  
Measure overlapped joints and seams as a single layer of cloth.

1.2   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out si de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y 
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y 
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.
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AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 190 (2004; R 2019) Standard Specification for 
Asphalt-Coated Corrugated Metal Culvert 
Pipe and Pipe Arches

AASHTO M 252 (2009; R 2017) Standard Specification for 
Corrugated Polyethylene Drainage Pipe

AASHTO M 288 (2021) Standard Specification for 
Geosynthetic Specification for Highway 
Applications

ASTM INTERNATIONAL (ASTM)

ASTM A27/A27M (2020) Standard Specification for Steel 
Castings, Carbon, for General Application

ASTM A47/A47M (1999; R 2018; E 2018) Standard 
Specification for Ferritic Malleable Iron 
Castings

ASTM A48/A48M (2003; R 2021) Standard Specification for 
Gray Iron Castings

ASTM A123/A123M (2017) Standard Specification for Zinc 
(Hot-Dip Galvanized) Coatings on Iron and 
Steel Products

ASTM A760/A760M (2015, R 2020) Standard Specification for 
Corrugated Steel Pipe, Metallic-Coated for 
Sewers and Drains

ASTM A762/A762M (2019) Standard Specification for 
Corrugated Steel Pipe, Polymer Precoated 
for Sewers and Drains

ASTM A798/A798M (2017) Standard Practice for Installing 
Factory-Made Corrugated Steel Pipe for 
Sewers and Other Applications

ASTM B745/B745M (2015) Standard Specification for 
Corrugated Aluminum Pipe for Sewers and 
Drains

ASTM C33/C33M (2018) Standard Specification for Concrete 
Aggregates

ASTM C136/C136M (2019) Standard Test Method for Sieve 
Analysis of Fine and Coarse Aggregates

ASTM C478 (2018) Standard Specification for Circular 
Precast Reinforced Concrete Manhole 
Sections

ASTM C478M (2018) Standard Specification for Precast 
Reinforced Concrete Manhole Sections 
(Metric)
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ASTM D2321 (2020) Standard Practice for Underground 
Installation of Thermoplastic Pipe for 
Sewers and Other Gravity-Flow Applications

ASTM D2487 (2017; E 2020) Standard Practice for 
Classification of Soils for Engineering 
Purposes (Unified Soil Classification 
System)

ASTM D3034 (2016) Standard Specification for Type PSM 
Poly(Vinyl Chloride) (PVC) Sewer Pipe and 
Fittings

ASTM D3753 (2019) Glass-Fiber-Reinforced Polyester 
Manholes and Wetwells

ASTM D4632/D4632M (2015a) Grab Breaking Load and Elongation 
of Geotextiles

ASTM F758 (2014) Smooth-Wall Poly(Vinyl Chloride) 
(PVC) Plastic Underdrain Systems for 
Highway, Airport, and Similar Drainage

ASTM F949 (2020) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Corrugated 
Sewer Pipe with a Smooth Interior and 
Fittings

1.3   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .   The Gui de Speci f i cat i on 
t echni cal  edi t or s have cl assi f i ed t hose i t ems t hat  
r equi r e Gover nment  appr oval ,  due t o t hei r  compl exi t y 
or  cr i t i cal i t y,  wi t h a " G. "   Gener al l y,  ot her  
submi t t al  i t ems can be r evi ewed by t he Cont r act or ' s 
Qual i t y Cont r ol  Syst em.   Onl y add a “ G”  t o an i t em,  
i f  t he submi t t al  i s  suf f i c i ent l y i mpor t ant  or  
compl ex i n cont ext  of  t he pr oj ect .

For  Ar my pr oj ect s,  f i l l  i n t he empt y br acket s 
f ol l owi ng t he " G"  c l assi f i cat i on,  wi t h a code of  up 
t o t hr ee char act er s t o i ndi cat e t he appr ovi ng 
aut hor i t y.   Codes f or  Ar my pr oj ect s usi ng t he 
Resi dent  Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i ct  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i ct  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  c l assi f i cat i on i ndi cat es submi t t al s r equi r ed 
as pr oof  of  compl i ance f or  sust ai nabi l i t y  Gui di ng 
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Pr i nci pl es Val i dat i on or  Thi r d Par t y Cer t i f i cat i on 
and as descr i bed i n Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************

Government approval is required for submittals with a "G" or "S" 
classification.  Submittals not having a "G" or "S" classification are 
[for Contractor Quality Control approval.][for information only.  When 
used, a code following the "G" classification identifies the office that 
will review the submittal for the Government.]  Submit the following in 
accordance with Section 01 33 00  SUBMITTAL PROCEDURES:

SD-04 Samples

Geotextile

Pipe and Pipe Fittings

SD-06 Test Reports

Geotextile JP-8 Fuel Resistance Test

SD-07 Certificates

Geotextile

Pipe and Pipe Fittings

1.4   DELIVERY, STORAGE, AND HANDLING

1.4.1   Delivery and Storage

**************************************************************************
NOTE:   Thi s t i me r est r i ct i on appl i es t o pi pe 
cont ai ni ng nor mal  quant i t i es of  ul t r avi ol et  ( UV)  
i nhi bi t or s such as car bon bl ack or  t i t ani um di oxi de,  
i n geogr aphi c ar eas r ecei v i ng nor mal  UV exposur e.   
Del ays i n i nst al l at i on l onger  t han 6 mont hs,  f r om 
t i me of  manuf act ur er  t o t i me of  i nst al l at i on,  may be 
al l owed when t he Cont r act or  can show t hat  t he pi pe 
has been cover ed or  st or ed i ndoor s f or  t he dur at i on 
of  t he addi t i onal  del ay.

**************************************************************************

Inspect materials delivered to site for damage; unload, and store with 
minimum handling.  Do not store materials directly on the ground.  Keep 
the inside of pipes and fittings sfree of dirt and debris.  Keep, during 
shipment and storage, geotextile wrapped in burlap or similar heavy duty 
protective covering.  Protect the geotextile from mud, soil, dust, and 
debris.  Do not store geotextile materials in direct sunlight.  Install 
plastic pipe within 6 months from the date of manufacture unless otherwise 
approved.
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1.4.2   Handling

Handle materials in such a manner as to ensure delivery to the trench in 
sound undamaged condition.  Carry pipe to the trench.

PART 2   PRODUCTS

2.1   PIPE FOR SUBDRAINS

**************************************************************************
NOTE:   Wher e t he t ype of  pi pe i s t o be t he 
Cont r act or ' s opt i on,  t he t ypes t hat  ar e accept abl e 
shoul d be i ncl uded i n t hi s speci f i cat i on.   The 
i nappl i cabl e t ypes of  pi pe shoul d be del et ed.

Per f or at i on and sl ot  s i z i ng i s based on embedment  
gr adat i on,  f l ow r equi r ement s,  and st r uct ur al  
consi der at i ons.   The embedment  mat er i al  gr adat i on i s 
i n t ur n based on t he gr adat i on of  t he sur r oundi ng 
soi l .   I n or der  t o mi ni mi ze t he mi gr at i on of  f i nes 
i nt o t he coar ser  mat er i al  whi l e mai nt ai ni ng adequat e 
per meabi l i t y ,  t he f ol l owi ng cr i t er i a shoul d be met :

Al l  soi l s ( except  c l ays wi t hout  a sand or  s i l t  
fraction):

( 15 per cent  s i ze of  dr ai nage or  f i l t er  mat er i al ) / ( 85 
per cent  s i ze of  mat er i al  t o be dr ai ned)     =  5 ( max)

( 50 per cent  s i ze of  dr ai nage or  f i l t er  mat er i al ) / ( 50 
per cent  s i ze of  mat er i al  t o be dr ai ned)     = 25 ( max)

( 15 per cent  s i ze of  dr ai nage or  f i l t er  mat er i al  = 
0. 4 ( max)

Al l  Soi l s

( 15 per cent  s i ze of  dr ai nage or  f i l t er  mat er i al ) / ( 15 
per cent  s i ze of  mat er i al  t o be dr ai ned)     =  5 ( mi n)

( 50 per cent  s i ze of  dr ai nage or  f i l t er  
mat er i al ) / ( s l ot  wi dt h)  =  1. 2 ( mi n)

( 50 per cent  s i ze of  dr ai nage or  f i l t er  
mat er i al ) / ( hol e di amet er )  =  1. 0 ( mi n)

The mi ni mum r ecommended subdr ai n pi pe di amet er  i s 
150 mm 6 i nches.

The dr awi ngs shoul d i ndi cat e whi ch pi pes must  be 
per f or at ed ( col l ect or  pi pes)  and whi ch pi pes must  
not  be per f or at ed ( out l et  pi pes) .

**************************************************************************

Submit samples of pipe and pipe fittings , before starting the work.  
Provide type and sizes of subdrain pipe indicated.  Submit certifications 
from the manufacturers attesting that materials meet specification 

SECTION 33 46 16  Page 8



requirements.  Certificates are required for drain pipe and fittings.

2.1.1   Plastic

Provide plastic pipe containing ultraviolet inhibitor to provide 
protection from exposure to direct sunlight.  Provide pipe with with bell 
and spigot or solvent cement joints.  Provide manufacturer's standard type 
fittings conforming to the indicated specification.

2.1.1.1   Polyvinyl Chloride (PVC) and Fittings

ASTM D3034, ASTM F949 or ASTM F758, Type PS 46.

2.1.1.2   Corrugated Polyethylene (PE) and Fittings

**************************************************************************
NOTE:   AASHTO M 252 Type S pi pe has an out er  
cor r ugat ed pi pe wal l  and a smoot h l i ner .   Type SP 
pi pe i s per f or at ed Type S pi pe.

**************************************************************************

AASHTO M 252, Type S or SP as indicated.

2.1.1.3   Pipe Perforations

Provide pipe perforations with a minimum water inlet area of  1,060 mm 
squared per linear meter  0.5 square inch per linear foot  and as specified 
below.

2.1.1.3.1   Circular Perforations in Plastic Pipe

Cleanly cut circular holes not more than  9.5 mm  3/8 inch  or less than  4.8 
mm 3/16 inch  in diameter and arrange in rows parallel to the longitudinal 
axis of the pipe.  Provide pipe with perforations spaced uniformly along 
rows.  Unless otherwise recommended by the pipe manufacturer, provide pipe 
with rows approximately  38 mm  1-1/2 inches  apart and arranged in a 
staggered pattern so that all perforations lie at the midpoint between 
perforations in adjacent rows.  Space the rows over not more than 155 
degrees of circumference.  Provide pipe that is not perforated for a 
length equal to the depth of the socket at the spigot or tongue end and 
provide perforations that continue at uniform spacing over the entire 
length of the pipe.

2.1.1.3.2   Slotted Perforations in Plastic Pipe

Cleanly cut circumferential slots so as not to restrict the inflow of 
water and uniformly spaced along the length and circumference of the 
pipe.  Provide pipe with slots not exceeding  3.2 mm  1/8 inch  nor less than  
0.8 mm  1/32 inch  in width.  Provide pipe with individual slot lengths not 
exceeding 10 percent of the pipe inside nominal circumference on  150 to 
200 mm 6 to 8 inch  diameter pipe, and  63.5 mm  2-1/2 inches  on  250 mm  10 
inch  diameter pipe.  Symmetrically space rows of slots so that they are 
fully contained in 2 quadrants of the pipe.  Center slots in the valleys 
of the corrugations of profile wall pipe.

2.1.2   Corrugated Steel

**************************************************************************
NOTE:   Cor r ugat ed st eel  pi pe may be i nst al l ed i n 
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soi l s wi t h a pH r ange of  6. 0 t o 8. 0 pr ovi ded t he 
r esi st i v i t y i s gr eat er  t han 2, 000 ohm- cm.   A 
bi t umi nous coat i ng shoul d be used when soi l  or  
gr ound- wat er  condi t i ons ar e at  or  near  t hese l i mi t s.

150 t o 200 mm 6 t o 8 i nch di amet er  pi pe has 38 by 
6. 5 mm 1- 1/ 2 by 1/ 4 i nch cor r ugat i ons.   Type I  pi pe 
has a c i r cul ar  cr oss sect i on.   Type I I I  pi pe i s Type 
I  pi pe t hat  has been per f or at ed.   Cl ass 1 
per f or at i ons ar e 4. 8 mm t o 9. 5 mm 3/ 16 t o 3/ 8 i nch 
i n di amet er  wi t h f our  r ows of  per f or at i ons.   Each 
per f or at i on i s l ocat ed on t he i nsi de cr est s or  al ong 
t he neut r al  axi s of  t he cor r ugat i ons.

**************************************************************************

ASTM A760/A760M , Type I or III, as indicated [with a coating conforming to 
AASHTO M 190, Type A].  Provide Class 1 perforations in Type III pipe.  
Pipe sheet thickness  1.63 mm  0.064 inch .

2.1.3   Corrugated Aluminum Alloy

**************************************************************************
NOTE:   Cor r ugat ed al umi num pi pe wi t hout  bi t umi nous 
coat i ng may be i nst al l ed i n soi l  wi t h pH r ange of  
5. 5 t o 8. 5 i f  t he r esi st i v i t y i s gr eat er  t han 500 
ohm- cm or  5. 0 t o 9. 0 wher e t he r esi st i v i t y i s 
gr eat er  t han 1, 500 ohm- cm.   Thi s t ype of  pi pe shoul d 
not  be i nst al l ed i n mat er i al  c l assi f i ed as OH or  OL 
accor di ng t o t he Uni f i ed Soi l  Cl assi f i cat i on Syst em 
as pr esent ed i n ASTM D2487.   Bar e al umi num al l oy 
pi pe has sat i sf act or y cor r osi on r esi st ance i n c l ean 
gr anul ar  mat er i al s even when subj ect ed t o sea wat er .

Ful l y bi t umi nous coat ed cor r ugat ed al umi num pi pe may 
be consi der ed i n soi l s wher e t he pH r ange i s 6. 0 t o 
8. 0 and r esi st i v i t y i s gr eat er  t han 2, 000 ohm- cm.

150 t o 200 mm 6 t o 8 i nch di amet er  pi pe has 38 by 
6. 5 mm 1- 1/ 2 by 1/ 4 i nch cor r ugat i ons.   Type I  pi pe 
has a c i r cul ar  cr oss sect i on.   Type I I I  pi pe i s Type 
I  pi pe t hat  has been per f or at ed.   Cl ass 1 
per f or at i ons ar e 4. 8 mm t o 9. 5 mm 3/ 16 t o 3/ 8 i nch 
i n di amet er  wi t h f our  r ows of  per f or at i ons.   Each 
per f or at i on i s l ocat ed on t he i nsi de cr est s or  al ong 
t he neut r al  axi s of  t he cor r ugat i ons.

**************************************************************************

ASTM B745/B745M , Type I or III, as indicated [with a bituminous coating 
conforming to AASHTO M 190, Type A].  Provide Class 1 perforations in Type 
III pipe.  Pipe sheet thickness  1.63 mm  0.064 inch .

2.1.4   Precoated Corrugated Steel

**************************************************************************
NOTE: 150 t o 200 mm 6 t o 8 i nch di amet er  pi pe has 38 
by 6. 5 mm 1- 1/ 2 by 1/ 4 i nch cor r ugat i ons.   Type I  
pi pe has a c i r cul ar  cr oss sect i on.   Type I I I  pi pe i s 
Type I  pi pe t hat  has been per f or at ed.   Cl ass 1 
per f or at i ons ar e 4. 8 mm t o 9. 5 mm 3/ 16 t o 3/ 8 i nch 
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i n di amet er  wi t h f our  r ows of  per f or at i ons.   Each 
per f or at i on i s l ocat ed on t he i nsi de cr est s or  al ong 
t he neut r al  axi s of  t he cor r ugat i ons.

**************************************************************************

ASTM A762/A762M , Type I or III, as indicated.  Provide Class 1 
perforations in Type III pipe.

2.2   GEOTEXTILE

**************************************************************************
NOTE:   When geot ext i l e i s not  used i n t he dr ai nage 
syst em,  t he r equi r ement  f or  geot ext i l e wi l l  be 
del et ed f r om t hi s speci f i cat i on.   When geot ext i l e i s 
used i n t he dr ai nage syst em i t  may be speci f i ed 
ei t her  by r ef er enci ng AASHTO M 288, r equi r ement s i n 
Section 31 05 19. 13 GEOTEXTI LES FOR EARTHWORK ( f i r st  
set  of  br acket s) ,  or  by speci f y i ng t he r equi r ement s 
i n t hi s par agr aph ( r emai ni ng br acket s) .

Desi gn cr i t er i a f or  geot ext i l es ar e based on t he 
equi val ent  openi ng si ze ( AOS) ,  per cent  open ar ea 
( POA) ,  and geot ext i l e per meabi l i t y  ( Kg) .   The AOS i s 
def i ned as t he number  of  t he US St andar d Si eve 
havi ng openi ngs cl osest  i n s i ze t o t he l ar gest  
openi ngs i n t he geot ext i l e.   The AOS speci f i ed 
shoul d be based on t he cr i t er i a descr i bed bel ow.   To 
per f or m pi pi ng cr i t er i a comput at i ons,  expr ess t he 
AOS as t he equi val ent  US st andar d s i eve openi ng i n 
mi l l i met er s.   The AOS can be used f or  woven and 
nonwoven geot ext i l es  Wher e a desi gner  desi r es t o 
use " per cent  open ar ea, "  t he per cent  open ar ea 
shoul d be based on t he cr i t er i a bel ow.   The per cent  
open ar ea shoul d be used onl y f or  woven f abr i cs.   
The per meabi l i t y  t est  can be used f or  nonwoven and 
woven geot ext i l es.

The AOS t est  i s  a means of  eval uat i ng t he pi pi ng 
r esi st ance of  a geot ext i l e,  and t he per cent  open 
ar ea t est  i s  i nt ended t o assur e adequat e f l ow 
t hr ough t he geot ext i l e and adequat e r esi st ance t o 
r educt i on i n per meabi l i t y  over  t i me ( c l oggi ng) .   The 
per cent  open ar ea t est  i s  an i ndi r ect  t est  whi ch has 
been shown t o cor r el at e wi t h a woven geot ext i l e' s 
l ong t er m per meabi l i t y .   The per meabi l i t y  t est  
measur es t he abi l i t y  of  t he geot ext i l e t o pass wat er  
wi t hout  any soi l  on t he f abr i c.   Thi s t est  does not  
pr ovi de a di r ect  measur e of  f i el d per f or mance of  t he 
geotextile.

Speci f y geot ext i l e pr oper t i es whi ch wi l l  al l ow 
r et ent i on of  t he soi l  bei ng pr ot ect ed,  per mi t  
suf f i c i ent  f l ow t hr ough t he f abr i c,  and pr event  
c l oggi ng.   The desi gner  shoul d sel ect  t he AOS,  POA,  
and Kg,  based on t he f ol l owi ng cr i t er i a:
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Pr ot ect ed Soi l  Per cent
Passing  0. 075 mm No.  200 

Sieve

Pi pi ng ( a. )
Maxi mum AOS ( mm)

Woven Mi ni mum
POA

Nonwoven
Mi ni mum POA

Less t han 5 per cent  ( b. ) D85 ( c. ) 10 per cent Ks ( d. )

5 t o 50 per cent  ( b. ) D85 4 per cent Ks

50 t o 85 per cent ( a. )  D85
( b. )  Upper  Li mi t  on AOS i s 
AOS -  0. 212 mm No.  70

4 per cent Ks

Mor e t han 85 per cent ( a. )  D85
( b. )  Lower  Li mi t  on AOS i s 
AOS -  0. 125 mm No.  120

Ks

a.   When t he pr ot ect ed soi l  cont ai ns appr eci abl e quant i t i es ( 20 t o 30 per cent )  of  
mat er i al  r et ai ned on t he  4. 75 mm,  No.  4 si eve,  use onl y t he soi l  passi ng t he 4. 75 mm,
 No.  4 si eve i n sel ect i ng t he AOS of  t he f i l t er  f abr i c.

b.   These pr ot ect ed soi l s may have a l ar ge per meabi l i t y and t hus t he POA of  Kg may 
be a cr i t i cal  desi gn f act or .

c.   D85 i s t he gr ai n si ze i n mi l l i met er s f or  whi ch 85 per cent  of  t he sampl e by 
wei ght  has smal l er  gr ai ns.

d.   Kg i s t he per meabi l i t y of  t he nonwoven f abr i c,  and Ks i s t he per meabi l i t y of  
t he pr ot ect ed soi l .

The AOS r equi r ement  shoul d be speci f i ed as a r ange 
t o al l ow f or  manuf act ur i ng t ol er ances.   The smal l est  
s i eve openi ng si ze of  t he AOS r ange shoul d not  be 
smal l er  t han t he openi ngs of  a 0. 125 mm No.  120 US 
St andar d Si eve.   I t  i s  pr ef er abl e t o speci f y a 
geot ext i l e wi t h openi ngs as l ar ge as al l owed by t he 
criteria.

Fabr i c st r engt h r equi r ement s var y wi t h i nt ended use 
and const r uct i on pr ocedur es.   Recommended val ues ar e:

Type Minimum Test

Tensile 444. 8 N 100 l bs ASTM D4632/ D4632M gr ab t est  25 mm 1 i nch squar e 
and  300 mm 12 i nches  per  mi nut e const ant  r at e at  
traverse.

Elongation 15 per cent ASTM D4632/ D4632M det er mi ne appar ent  br eaki ng 
elongation.

Puncture 177. 8 N 40 l bs. ASTM D3787 except  pol i shed st eel  bal l  r epl aced 
wi t h a 8 mm 5/ 16 i nch di amet er  sol i d st eel  
cyl i nder  wi t h a hemi spher i cal  t i p cent er ed wi t hi n 
t he r i ng cl amp.

Tear 177. 8 N 40 l bs. ASTM D4533 t r apezoi dal  t ear  st r engt h.

Col l ect or  pi pes shoul d not  be wr apped wi t h 
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geot ext i l e.   I f  t he geot ext i l e i s used t o l i ne a 
t r ench,  t he col l ect or  pi pe shoul d be separ at ed f r om 
t he geot ext i l e by a mi ni mum of  150 mm 6 i nches of  
gr anul ar  backf i l l  mat er i al .

**************************************************************************

[Provide geotextile conforming to AASHTO M 288 and meeting the subsurface 
drainage requirements.]  [Provide geotextile meeting the requirements in 
Section 31 05 19.13  GEOTEXTILES FOR EARTHWORK.][Provide geotextile that is 
a [woven] [nonwoven] pervious sheet of polymeric material consisting of 
long-chain synthetic polymers composed of at least 95 percent by weight 
polypropylene (PP) or polyester (PET). The use of woven slit film 
geotextiles (i.e. geotextiles made from yarns of a flat, tape-like 
character) will not be allowed. Add stabilizers and/or inhibitors to the 
base polymer, as needed, to make the filaments resistant to deterioration 
by ultraviolet light, oxidation, and heat exposure.  The equivalent 
opening size (AOS) will be no finer than US Standard Sieve No. [_____] and 
no coarser than US Standard Sieve No. [_____].  AOS is defined as the 
number of the US Standard sieve having openings closest in size to the 
filter fabric openings.  [The percent open area will not be less than 
[_____] percent and not more than [_____] percent.  Percent open area is 
defined as the summation of open areas divided by the total area of the 
filter fabric and expressed as a percent.]  The minimum grab strength will 
be 160 pounds in accordance with ASTM D4632/D4632M .  Provide geotextile 
with filaments constructed so as to retain their relative position with 
respect to each other.  [Selvage or otherwise finish the edges of the 
geotextile to prevent the outer material from pulling away from the 
fabric.]  [Provide geotextile that is woven into a width that may be 
installed as shown without longitudinal seams.]]

Submit samples of geotextile and certifications from the manufacturers 
attesting that geotextile meets specification requirements.

2.3   [DRAINAGE LAYER] [SUBDRAIN FILTER AND BEDDING] MATERIAL

**************************************************************************
NOTE:   The t hi ckness and gr adat i on of  t he f i l t er  
mat er i al  f or  use wi t h pi pe subdr ai ns and bl i nd or  
f r ench dr ai ns wi l l  be det er mi ned by soi l  condi t i ons 
and subsoi l  dr ai nage r equi r ement s.   Fi l t er  mat er i al  
wi l l  be gr aded i n accor dance wi t h t he r equi r ement s 
of  UFC 3- 250- 01,  as appl i cabl e.   The f i l t er  mat er i al  
pl aced adj acent  t o per f or at ed pi pe wi l l  be of  a s i ze 
t hat  wi l l  pr event  t he ent r ance of  any of  t he f i l t er  
mat er i al  i nt o t he dr ai n.   Gr aded ( composi t e or  
l ayer ed)  f i l t er s wi l l  be used wher e speci f i ed,  and 
cr oss sect i ons wi l l  be as i ndi cat ed on t he 
dr awi ngs.   See UFC 3- 250- 01 f or  di mensi ons of  f i l t er  
and beddi ng mat er i al  ar ound pi pe.   Wher e si t e 
condi t i ons r equi r e mor e t han one f i l t er  gr adat i on,  
t he dr awi ngs wi l l  i ndi cat e ar eas of  di f f er ent  
gr adat i on and t he t abl e expanded.

**************************************************************************

[Provide drainage layer material meeting the requirements in Section 
32 11 23.23  BASE COURSE DRAINAGE LAYERS][Provide subdrain filter and 
bedding material composed of washed sand, sand and gravel, crushed stone, 
crushed stone screenings, or slag composed of hard, tough, durable 
particles free from adherent coatings.  Filter material may not contain 
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corrosive agents, organic matter, or soft, friable, thin, or elongated 
particles.  Provide filter material that is evenly graded between the 
limits specified in TABLE I.  Gradation curves will exhibit no abrupt 
changes in slope denoting skip or gap grading.  Provide filter materials 
that are clean and free from soil and foreign materials.  Remove and 
replace filter blankets found to be dirty or otherwise contaminated with 
material meeting the specific requirements, at no additional cost to the 
Government.

TABLE I

Type I
Gradation E 11
ASTM C33/C33M

Type II
Gradation 57
ASTM C33/C33M

Type III
Gradation [_____]

[_____]

ASTM C136/C136M 
Sieve Size , mm

Percent Passing Percent Passing Percent Passing

37.5 1-1/2 inch -- 100 [_____]

25.0 1 inch -- 90 - 100 [_____]

9.5 3/8 inch 100 25 - 60 [_____]

4.75 No. 4 95 - 100 5 - 40 [_____]

2.36 No. 8 -- 0 - 20 [_____]

1.18 No. 16 45 - 80 -- [_____]

0.30 No. 50 10 - 30 -- [_____]

0.15 No. 100 0 - 10 -- [_____]

]

2.4   DRAINAGE STRUCTURES

2.4.1   Concrete

Provide concrete and reinforced concrete conforming to the requirements for
 [21] [_____] MPa  [3,000] [_____] psi  concrete in Section 03 30 00  
CAST-IN-PLACE CONCRETE.

2.4.2   Mortar

Provide mortar for connections to drainage structures that is composed of 
one part by volume of portland cement and two parts of sand.  Provide 
sufficient quantity of water in the mixture to produce a stiff workable 
mortar.  Use water that is clean and free of injurious acids, alkalies, 
and organic impurities.  Use the mortar within 30 minutes from the time 
the ingredients are mixed with water.

2.4.3   Manholes and Appurtenances

2.4.3.1   Precast Reinforced Concrete Manhole Risers and Tops

 ASTM C478M ASTM C478.
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2.4.3.2   Precast Concrete Manhole Bases

ASTM C478MASTM C478.  Provide bases that allow suitable connection with 
influent and effluent lines and to provide a suitable base structure for 
riser sections.

2.4.3.3   Glass Fiber-Reinforced Polyester (FRP)

ASTM D3753.

2.4.3.4   Frames and Covers or Gratings

Except as otherwise permitted, provide frames and gratings, or frames and 
covers of either cast iron with tensile strength test not less than 
ASTM A48/A48M Class 25 or steel conforming to ASTM A27/A27M, Class 65-35.  
Required weight, shape, and size are indicated on the drawings.  Frames 
and covers not subjected to vehicular traffic or storage may be of 
malleable iron where indicated.  Provide malleable-iron frames and covers 
conforming to ASTM A47/A47M and of the weight, shape, and size indicated.

2.4.3.5   Steel Ladder

Provide a steel ladder where the depth of a manhole exceeds  3.66 m  12 feet .  
The ladder will be not less than  400 mm  16 inches  in width, with  19.1 mm  
3/4 inch  diameter rungs spaced  304.8 mm  12 inches  apart.  Provide two 
stringers that are a minimum  9.5 mm  3/8 inch  thick and  50.8 mm  2 inches  
wide.  Adequately anchor ladder to the wall by means of steel inserts 
spaced not more than  1.83 m  6 feet  apart vertically, and install so as to 
provide at least  152.4 mm  6 inches  of space between the wall and the 
rungs.  Galvanize ladders and inserts after fabrication in conformance 
with ASTM A123/A123M .

2.5   TESTS, INSPECTIONS, AND VERIFICATIONS

2.5.1   Geotextile JP-8 Fuel Resistance Test

**************************************************************************
NOTE:   Del et e t hi s par agr aph when geot ext i l e wi l l  
not  be exposed t o JP- 8 f uel .

**************************************************************************

Immerse five unaged geotextile samples, 97 to 107 mm by 147 to 157 mm  4 
(plus or minus 0.2) by 6 (plus or minus 0.2) inches  in JP-8 fuel at room 
temperature for a period of 7 days.  Test each sample for tensile strength 
and elongation in accordance with ASTM D4632/D4632M .  Provide geotextile 
with a strength in any direction of not less than 85 percent of the 
strength specified in paragraph GEOTEXTILE.

PART 3   EXECUTION

3.1   EXCAVATION AND BEDDING FOR SUBDRAIN SYSTEMS

Excavate trenches, including the removal of rock and unstable material, in 
accordance with Section [ 31 00 00  EARTHWORK] [ 31 23 00.00 20  EXCAVATION 
AND FILL].  Bedding material shall be placed in the trench as indicated or 
as required as replacement materials used in those areas where unstable 
materials were removed. Compaction of the bedding material shall be as 
specified for cohesionless material in Section 31 00 00  EARTHWORK.
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3.2   MANHOLES AND FLUSHING AND OBSERVATION RISERS

**************************************************************************
NOTE:   The det ai l s i ndi cat i ng s i ze,  shape,  
mat er i al s,  t hi ckness of  var i ous sect i ons,  t he f i ni sh 
r equi r ed,  and amount s or  r ei nf or ci ng,  i f  any,  f or  
headwal l s,  and manhol es wi l l  be shown i n t he 
dr awi ngs.   Al so,  t he shape,  s i ze,  t hi ckness of  
sect i ons,  k i nd of  mat er i al s,  and wei ght  f or  f r ames 
and cover s f or  subdr ai n manhol es wi l l  be i ndi cat ed 
i n t he dr awi ngs.   The cover s wi l l  be desi gned t o 
have ampl e st r engt h f or  t he t r af f i c  condi t i ons t o 
whi ch t hey may be subj ect ed.  Fi xed l adder s or  l adder  
r ungs wi l l  be pr ovi ded f or  manhol es 3. 6 m 12 f eet  or  
deeper  measur ed f r om t op of  gr at e t o i nver t  of  
out l et  pi pe.

**************************************************************************

3.2.1   Manholes

Install manholes complete with frames and covers or gratings at the 
locations and within the limits and sizes indicated.  Construct manholes 
of one of the materials specified for manholes in paragraph DRAINAGE 
STRUCTURES.  [Completely fill precast concrete manhole joints so that they 
are smooth and free of surplus mortar or mastic on the inside of the 
structure.]  Use either precast or cast-in-place concrete manhole bases.

3.2.2   Flushing and Observation Risers

Install flushing and observation riser pipes with frames and covers at the 
locations indicated.  Construct risers of non-perforated [plastic] [or] 
[galvanized] [bituminous coated] [corrugated metal] pipe.  Join riser 
pipes to the subdrain system as indicated.

3.3   INSTALLATION OF GEOTEXTILE AND PIPE FOR SUBDRAINS

**************************************************************************
NOTE:   Out l et s f or  subdr ai ns,  i f  possi bl e,  wi t hi n 
r easonabl e cost s,  wi l l  be desi gned so t hat  sever e 
r ai nst or ms wi l l  nei t her  submer ge t he dr ai ns nor  back 
up wat er  i nt o t he dr ai ns.   Wher e out l et s ar e not  
subj ect  t o backwat er  or  f l oodi ng,  t he out l et s wi l l  
be pr ovi ded wi t h gr at es or  heavy scr eens t o pr event  
act s of  vandal i sm or  ent r ance by r odent s.   I f  
sui t abl e out l et s f or  bl i nd or  f r ench dr ai ns i nt o 
per vi ous st r at a of  gr avel  or  sand wi t h a l ower  wat er  
t abl e ar e not  obt ai nabl e,  pi pe out l et s may be 
r equi r ed.   The per f or at ed pi pe wi l l  ext end i nt o t he 
f i l t er  mat er i al  of  t he bl i nd or  f r ench dr ai n a 
suf f i c i ent  di st ance t o pr ovi de ampl e wat er way 
openi ngs f or  t he par t i cul ar  dr ai n and non- per f or at ed 
pi pe wi l l  ext end t hr ough t he i mper vi ous mat er i al  t o 
a sui t abl e out l et .   Out l et s subj ect  t o f l oodi ng wi l l  
be pr ovi ded wi t h sui t abl e and pr oper l y i nst al l ed 
check val ves or  f l ap gat es.   I f  out l et  pi pes ar e 
necessar y f or  bl i nd or  f r ench dr ai ns,  and ar e t o be 
pai d f or  as a separ at e i t em,  such r equi r ement  wi l l  
be c l ear l y speci f i ed,  gi v i ng t he var i ous k i nds and 
si zes of  pi pe r equi r ed.
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**************************************************************************

3.3.1   Installation of Geotextile

**************************************************************************
NOTE:   When geot ext i l e i s not  used i n t he dr ai nage 
syst em,  t he r equi r ement  f or  geot ext i l e wi l l  be 
del et ed f r om t hi s speci f i cat i on.

**************************************************************************

3.3.1.1   Trench Lining and Overlaps

**************************************************************************
NOTE:   The st r engt h pr oper t i es of  most  geot ext i l es 
composed of  pl ast i c mat er i al s ar e adver sel y af f ect ed 
by ul t r avi ol et  r ays.   Consequent l y,  t he geot ext i l e 
shoul d be exposed t o sunl i ght  as l i t t l e as possi bl e,  
and pr ef er abl y shoul d be cover ed t he same day as 
i nst al l ed.   When geot ext i l e i s used t o separ at e t he 
dr ai nage l ayer  or  f i l t er  mat er i al  f r om t he soi l  
bei ng dr ai ned,  t he gr adat i on r at i os of  f i l t er  
mat er i al  t o pr ot ect ed soi l  gi ven i n UFC 3- 230- 06A,  
do not  appl y;  however ,  s i ze t he geot ext i l e t o f i l t er  
t he pr ot ect ed soi l .

**************************************************************************

Grade trenches to be lined with geotextile to obtain smooth side and 
bottom surfaces so that the geotextile will not bridge cavities in the 
soil or be damaged by projecting rock.  Lay the geotextile flat but not 
stretched on the soil, and secure it with anchor pins in accordance with 
manufacturer's instructions.  Overlap at least 150 to 300 mm  6 to 12 inches , 
and secure with anchor pins along the overlaps.

3.3.2   Installation of Pipe for Subdrains

3.3.2.1   Pipelaying

Install pipe in accordance with the manufacturer's recommendations.  
Thoroughly examine each section of pipe before being laid; do not use 
defective or damaged pipe.  Do not lay pipe when the trench conditions or 
weather is unsuitable for such work.  Remove water from trenches by sump 
pumping or other approved methods.  Lay the pipe to the grades and 
alignment as indicated.  Bed the pipe to the established gradeline.  
Center perforations on the bottom of the pipe.  Lay bell-and-spigot type 
with the bell ends upstream. Approval of all in-place pipes by the 
Contracting Officer is required prior to backfilling.

3.3.2.2   Jointings

3.3.2.2.1   Perforated Corrugated Metal Pipe or Bituminous Coated, 
Perforated Corrugated Metal Pipe

Securely fasten together the sections of perforated corrugated metal pipe 
or bituminous coated, perforated corrugated metal pipe standard connecting 
bands furnished by the manufacturer of the pipe.

3.3.2.2.2   Bituminous Coated or Uncoated Corrugated Aluminum Pipe

If aluminum pipe is to be connected to dissimilar metal, insulate the 
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connection by bituminous coating or other nonconductive material.  
Securely fasten standard joints between corrugated aluminum pipe with 
standard connecting bands furnished by the manufacturer of the pipe.

3.4   INSTALLATION OF [DRAINAGE LAYER][FILTER] MATERIAL AND BACKFILLING FOR 
PERFORATED SUBDRAINS

After perforated pipe for subdrains has been laid, inspected, and 
approved, place [drainage layer] [filter] material around and over the 
pipe to the depth indicated.  Place the [drainage layer] [filter] material 
in layers not to exceed  200 mm  8 inches  thick.  [Saturate by flooding.] 
[Thoroughly compact each layer using mechanical tampers or rammers.]

3.5   INSTALLATION OF BEDDING AND BACKFILL FOR NON-PERFORATED SUBRAIN 
OUTFALL PIPE

3.5.1   Plastic Pipe

Place and compact pipe embedment for plastic pipe in accordance with 
ASTM D2321.  Use Class IB or II embedment materials.

3.5.2   Corrugated Metal Pipe

Place and compact bedding ans structural backfill for corrugated metal 
pipe in accordance with ASTM A798/A798M .  Use structural backfill 
materials classified by ASTM D2487 as either GW, GM, GP-GM, GW-GM, GC, 
GP-GC or SW.

3.6   INSTALLATION OF AND BACKFILLING FOR BLIND OR FRENCH DRAINS

Place filter material as indicated and compact as specified for 
cohesionless materials in Section [ 31 00 00  EARTHWORK] [
31 23 00.00 20 EXCAVATION AND FILL] .  Extend filter material to a suitable 
outlet or to an outlet through a pipeline as indicated.  Place and compact 
overlying backfill material as specified in Section [ 31 00 00  EARTHWORK] [
31 23 00.00 20  EXCAVATION AND FILL].

        -- End of Section --
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