
**************************************************************************
USACE /  NAVFAC /  AFCEC /  NASA                UFGS- 02 55 00 ( Febr uar y 2010)
                                             - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   USACE                   Super sedi ng
                                             UFGS- 02 55 00 ( Apr i l  2006)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref er ences ar e i n agr eement  wi t h UMRL dat ed Januar y 2019
**************************************************************************

SECTI ON TABLE OF CONTENTS

DI VI SI ON 02 -  EXI STI NG CONDI TI ONS

SECTI ON 02 55 00

SOLI DI FI CATI ON/ STABI LI ZATI ON ( S/ S)  OF CONTAMI NATED MATERI AL

02/10

PART 1   GENERAL

  1. 1   UNI T PRI CES
  1. 2   REFERENCES
  1. 3   SYSTEM DESCRI PTI ON
    1. 3. 1   Wor k Pl an
    1. 3. 2   Ot her  Submi t t al  Requi r ement s
    1. 3. 3   Per f or mance Requi r ement s
      1. 3. 3. 1   Di sposal  of  Tr eat ed Mat er i al
      1. 3. 3. 2   Emi ssi on Cont r ol s
      1. 3. 3. 3   Noi se Cont r ol
  1. 4   SUBMI TTALS
  1. 5   QUALI FI CATI ONS
    1. 5. 1   Cont r act or  Exper i ence
    1. 5. 2   Key Per sonnel
  1. 6   PROJECT/ SI TE CONDI TI ONS

PART 2   PRODUCTS

  2. 1   MATERI ALS
    2. 1. 1   Wat er
    2. 1. 2   Reagent s
    2. 1. 3   Mi x Desi gn
  2. 2   EQUI PMENT
    2. 2. 1   Mi x i ng Equi pment
    2. 2. 2   Reagent  Feed Uni t s
    2. 2. 3   Accur acy of  Measur ement  Equi pment

PART 3   EXECUTI ON

  3. 1   STOCKPI LES
  3. 2   OPERATI ON
    3. 2. 1   Di ss i mi l ar  Mat er i al s
    3. 2. 2   Over si ze Mat er i al
  3. 3   FI ELD DEMONSTRATI ON
    3. 3. 1   Ful l - Scal e Pr ocessi ng Equi pment

SECTI ON 02 55 00  Page 1



    3. 3. 2   Sampl i ng Locat i ons
    3. 3. 3   Test i ng
    3. 3. 4   Vol ume I ncr ease
    3. 3. 5   Fi el d Demonst r at i on Test  Resul t s
  3. 4   QUALI TY CONTROL PROCEDURES
    3. 4. 1   Bat ch Pr opor t i ons
    3. 4. 2   Segr egat i on
    3. 4. 3   Qual i t y Cont r ol  Test s
    3. 4. 4   Ret est i ng and Repr ocessi ng
      3. 4. 4. 1   Ret est i ng
      3. 4. 4. 2   Repr ocessi ng
    3. 4. 5   Adj ust ment s t o Mi x Desi gn
    3. 4. 6   Qual i t y Assur ance Test i ng

- -  End of  Sect i on Tabl e of  Cont ent s - -

SECTI ON 02 55 00  Page 2



**************************************************************************
USACE /  NAVFAC /  AFCEC /  NASA                UFGS- 02 55 00 ( Febr uar y 2010)
                                             - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   USACE                   Super sedi ng
                                             UFGS- 02 55 00 ( Apr i l  2006)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref er ences ar e i n agr eement  wi t h UMRL dat ed Januar y 2019
**************************************************************************

SECTI ON 02 55 00

SOLI DI FI CATI ON/ STABI LI ZATI ON ( S/ S)  OF CONTAMI NATED MATERI AL
02/10

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  sol i di f i cat i on/ st abi l i zat i on ( S/ S)  
of  cont ami nat ed mat er i al s.

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 Cr i t er i a Change Request  ( CCR) .

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

PART 1   GENERAL

1. 1   UNI T PRI CES

**************************************************************************
NOTE:   Thi s par agr aph shoul d be del et ed i f  t he wor k 
i s i n one l ump sum cont r act  or  t her e i s a separ at e 
Measur ement  and Payment  Sect i on.   Bat ch pr ocessi ng 
i s l i kel y t o use wei ght  as t he met hod of  
measur ement .   I n s i t u pr ocesses ar e mor e l i kel y t o 
use vol ume as t he met hod of  measur ement .

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

a.   Payment  wi l l  be based on t he Cont r act  uni t  pr i ce schedul e f or  each [ i n 
s i t u]  [ met r i c t on t on]  [ cubi c met er  cubi c yar d]  of  cont ami nat ed 
mat er i al  ent er i ng t he S/ S pr ocess.   Thi s uni t  pr i ce shal l  i ncl ude t he 
cost  f or  mat er i al s,  equi pment ,  wast e f eed pr ocessi ng,  S/ S oper at i ons,  
st ockpi l es,  t est i ng,  and al l  ot her  wor k associ at ed wi t h t he S/ S pr ocess.
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b.   No payment  wi l l  be made f or  mat er i al s or  l abor  r equi r ed t o r epr ocess 
any pr ocessed mat er i al  not  meet i ng t he physi cal  and chemi cal  t est i ng 
r equi r ement s out l i ned i n t hi s sect i on.   Repr ocessed mat er i al  shal l  be 
deduct ed f r om t he dai l y pr oduct i on r at e.

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 s i 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 publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM D1556/ D1556M ( 2015;  E 2016)  St andar d Test  Met hod f or  
Densi t y and Uni t  Wei ght  of  Soi l  i n Pl ace 
by Sand- Cone Met hod

ASTM D1633 ( 2000;  R 2007)  St andar d Test  Met hods f or  
Compr essi ve St r engt h of  Mol ded Soi l - Cement  
Cylinders

ASTM D4832 ( 2016;  E 2018)  St andar d Test  Met hod f or  
Pr epar at i on and Test i ng of  Cont r ol l ed Low 
St r engt h Mat er i al  ( CLSM)  Test  Cyl i nder s

ASTM D5084 ( 2016a)  St andar d Test  Met hods f or  
Measur ement  of  Hydr aul i c Conduct i v i t y of  
Sat ur at ed Por ous Mat er i al s Usi ng a 
Fl exi bl e Wal l  Per meamet er

U. S.  ENVI RONMENTAL PROTECTI ON AGENCY ( EPA)

EPA SW- 846. 3- 3 ( 1999,  Thi r d Edi t i on,  Updat e I I I - A)  Test  
Met hods f or  Eval uat i ng Sol i d Wast e:  
Physi cal / Chemi cal  Met hods

SECTI ON 02 55 00  Page 4



U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

40 CFR 268 Land Di sposal  Rest r i ct i ons

1. 3   SYSTEM DESCRI PTI ON

**************************************************************************
NOTE:   The Cont r act or  i s  somet i mes r equi r ed t o 
pr ovi de t r eat abi l i t y  st udy t est  r esul t s pr i or  t o 
per f or mi ng wor k at  t he s i t e.   Tr eat abi l i t y  st udy 
t est  r esul t s shoul d i ncl ude t he pr oposed r eagent s 
and mi x r at i os t o be used dur i ng f ul l  scal e 
t r eat ment .   The t est  r esul t s submi t t ed shoul d ver i f y 
t hat  t he mi x desi gn pr oposed meet s t he 
post - t r eat ment  cr i t er i a l i s t ed i n Tabl e 1.   
Consi der at i on shoul d al so be gi ven t o t he need t o 
moni t or  of f - gas and dust  emi ssi ons dur i ng t he 
t r eat abi l i t y  st udy.   Det ai l ed i nf or mat i on on t est i ng 
r equi r ement s,  t est  met hods,  det ect i on l i mi t s,  and 
of f - gas and dust  emi ssi on t est i ng r equi r ement s 
shoul d be pr esent ed i n t he appr opr i at e sect i on and 
r ef er enced her e.

At  pr oj ect s wher e st r i c t  t est i ng pr ot ocol s ar e 
r equi r ed t o adequat el y det er mi ne t he ef f ect i veness 
of  t he pr ocess bei ng t est ed,  t he Cont r act or  shoul d 
be r equi r ed t o pr ovi de a " Tr eat abi l i t y  St udy Wor k 
Pl an"  f or  appr oval  pr i or  t o per f or mi ng t he 
t r eat abi l i t y  st udy.

Pr i or  t o per f or mi ng any t r eat abi l i t y  st udy,  t he 
unt r eat ed sampl es shoul d be t est ed t o ver i f y t hat  
t hey cont ai n t he cont ami nant s of  concer n at  hi gh 
enough concent r at i ons and t hese cont ami nant s l each 
at  l evel s whi ch ar e r epr esent at i ve of  t he mat er i al s 
f ound on- si t e.   Addi t i onal  t est i ng may be needed t o 
ver i f y t hat  physi cal  pr oper t i es of  t he sampl es ar e 
al so r epr esent at i ve of  s i t e condi t i ons.

The l ast  t wo sent ences of  t hi s par agr aph shoul d be 
omi t t ed i f  a speci f i c  met hod of  t r eat ment  ( i n s i t u 
or  ex- si t u)  i s  desi r ed.

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

Use an [ i n s i t u]  [ pug mi l l ]  [ ex- s i t u]  [ _____]  S/ S syst em t hat  pr ovi des a 
saf e,  r el i abl e met hod t o t r eat  cont ami nat ed mat er i al  so t hat  t he t r eat ed 
mat er i al  conf or ms t o par agr aph PERFORMANCE REQUI REMENTS.   A syst em or  
pr ocedur e,  ot her  t han descr i bed i n t hi s sect i on,  may be used i f  t he 
appr oved SUBMI TTALS demonst r at e equi val ent  capabi l i t i es.   Such appr oval  
does not  r el i eve t he Cont r act or  of  r esponsi bi l i t y  f or  meet i ng speci f i ed 
r equi r ement s f or  saf et y,  r el i abi l i t y ,  and per f or mance.

1. 3. 1   Wor k Pl an

Submi t  an S/ S Wor k Pl an wi t hi n [ 60]  [ _____]  days af t er  not i ce t o pr oceed.   
No S/ S of  cont ami nat ed mat er i al  shal l  be per f or med unt i l  t he wor k pl an i s 
appr oved.   A per i od of  [ 30]  [ _____]  days shal l  be al l owed i n t he schedul e 
f or  Gover nment  r evi ew and appr oval  of  t he wor k pl an.   The wor k pl an shal l  
addr ess t he t echni cal  r equi r ement s l i s t ed i n t hi s sect i on and shal l  
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i nc l ude,  but  i s  not  l i mi t ed t o t he f ol l owi ng:

a.   Cont r act or  Exper i ence:   I nf or mat i on t o demonst r at e t hat  t he S/ S 
Cont r act or  meet s t he qual i f i cat i on r equi r ement s out l i ned i n Par agr aph 
QUALIFICATIONS.

b.   Mi x Desi gn:   The pr oposed mi x desi gn and met hod of  mi x i ng t o be used i n 
t r eat i ng t he cont ami nat ed mat er i al .   The pr oposed sour ce of  wat er  t o be 
used f or  t he S/ S pr ocess shal l  al so be i dent i f i ed.

c.   Equi pment :   Speci f i cat i ons f or  t he pr oposed homogeni zat i on and mi xi ng 
equi pment ,  bat chi ng equi pment ,  and pr ocess cont r ol  i nst r ument at i on.   
Pr ocess f l ow di agr ams,  mi xi ng t i mes,  and pr ocessi ng r at es shal l  be 
i ncl uded.   Ant i c i pat ed pr et r eat ment  of  t he cont ami nat ed mat er i al  shal l  
be i dent i f i ed.

d.   Dr awi ngs:   Dr awi ngs i ndi cat i ng di mensi ons and l ayout  of  t he S/ S syst em 
on t he s i t e.   Dr awi ngs shal l  be t o scal e.

e.   Emi ssi ons:   Ai r  emi ssi ons,  dust ,  and noi se f r om t he syst em shal l  be 
i dent i f i ed and est i mat ed.   Cont r ol  syst ems r equi r ed t o mai nt ai n 
compl i ance wi t h l ocal ,  st at e,  and f eder al  r egul at i ons shal l  be 
descr i bed as appr opr i at e.   Ai r  emi ssi ons,  dust ,  and noi se t est i ng 
pr ot ocol  t o be per f or med dur i ng t he t est  r un and f ul l  scal e oper at i ons 
shal l  al so be descr i bed.

f .   Qual i t y  Cont r ol :   A qual i t y  cont r ol  pl an whi ch addr esses cont r ol  and 
document at i on of  bat ch pr opor t i ons,  mi xi ng t i me,  mi xi ng speed,  sampl e 
col l ect i on,  sampl e cur i ng,  and post - t r eat ment  t est i ng.

g.   Demobi l i zat i on:   A post - t r eat ment  c l eanup and sampl i ng pl an f or  t he 
t r eat ment  ar ea.

h.   St ockpi l e Desi gn:   A pr oposed st ockpi l e desi gn whi ch meet s t he cr i t er i a 
out l i ned i n t hi s  sect i on.

1. 3. 2   Ot her  Submi t t al  Requi r ement s

Submi t  t he f ol l owi ng:

a.   Resumes of  key per sonnel  at  l east  [ 5]  [ _____]  wor ki ng days pr i or  t o t he 
per sonnel  assumi ng dut i es on s i t e.

b.   Dai l y bat ch pr opor t i on and mi xi ng qual i t y  cont r ol  dat a.

c.   Resul t s of  post - t r eat ment  t est s per f or med.

d.   The f i el d demonst r at i on r epor t  i ncl udi ng pr e- t r eat ment  and 
post - t r eat ment  t est  r esul t s;  i t  shal l  document  ot her  r el evant  f i el d 
demonst r at i on dat a i ncl udi ng but  not  l i mi t ed t o:   bat ch pr opor t i ons,  
mi xi ng t i me,  and mi xi ng speed.   Of f - gas,  dust ,  and noi se t est  r esul t s 
shal l  al so be i ncl uded.

e.   Reagent  composi t i on,  cer t i f i cat es of  anal ysi s,  and SDS document at i on.   
A conf i dent i al i t y  agr eement  may be r equest ed i f  pr opr i et ar y r eagent s 
ar e bei ng used.
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1. 3. 3   Per f or mance Requi r ement s

**************************************************************************
NOTE:   The post - t r eat ment  t est i ng cr i t er i a l i s t ed i n 
Tabl e 1 ar e onl y exampl es.   Chemi cal  and physi cal  
t est  cr i t er i a shoul d be det er mi ned on a s i t e 
speci f i c  basi s.   Post - t r eat ment  cr i t er i a may be 
based on f eder al  r egul at or y cr i t er i a,  s i t e speci f i c  
r i sk anal yses,  or  s i t e speci f i c  cr i t er i a based on 
st at e and l ocal  r egul at i ons.

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

The [ Toxi c i t y Char act er i st i c  Leachi ng Pr ocedur e as speci f i ed i n 
EPA SW- 846. 3- 3]  [ _____]  shal l  be per f or med on r epr esent at i ve sampl es of  
t r eat ed mat er i al .   The ext r act  shal l  meet  t he chemi cal  post - t r eat ment  
t est i ng cr i t er i a l i s t ed i n Tabl e 1.   Chemi cal  t est i ng r equi r ed i n t hi s 
sect i on shal l  be conduct ed i n accor dance wi t h [ _____] .   The t r eat ed 
mat er i al  shal l  al so meet  t he physi cal  t est i ng cr i t er i a l i s t ed i n Tabl e 1.   
The t est s l i s t ed i n Tabl e 1 shal l  be per f or med on sampl es t hat  have been 
cur ed f or  [ 3]  [ _____]  days.

Tabl e 1 -  POST- TREATMENT TEST CRI TERI A

TEST TEST VALUE

Arsenic [ _____]  mg/ L

Cadmium [ _____]  mg/ L

Chr omi um ( Tot al ) [ _____]  mg/ L

Lead [ _____]  mg/ L

Mi n.  Unconf i ned Compr essi ve St r engt h ASTM D1633 [ _____]  kPa

Max.  Per meabi l i t y ASTM D5084 [ _____]  cm/ s

Maxi mum Vol ume I ncr ease [ _____]  per cent

1. 3. 3. 1   Di sposal  of  Tr eat ed Mat er i al

**************************************************************************
NOTE:   Ref er ence t he appr opr i at e sect i on whi ch 
descr i bes r equi r ement s f or  di sposal  of  t r eat ed 
mat er i al ,  i ncl udi ng mani f est s f or  of f - s i t e 
di sposal .   I dent i f y onsi t e di sposal  l ocat i ons on t he 
drawings.

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

The t r eat ed mat er i al ,  upon meet i ng t he physi cal  and chemi cal  t est i ng 
cr i t er i a,  shal l  be di sposed of  as r equi r ed by Sect i on [ 02 81 00 
TRANSPORTATI ON AND DI SPOSAL OF HAZARDOUS MATERI ALS]  [ _____] .

1. 3. 3. 2   Emi ssi on Cont r ol s

**************************************************************************
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NOTE:   Si t e speci f i c  r equi r ement s shoul d be added t o 
t hi s par agr aph.

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

The S/ S syst em shal l  i ncl ude cont r ol  appar at us necessar y t o meet  l ocal ,  
st at e,  and/ or  f eder al  r egul at i ons f or  ai r  emi ssi ons and dust .

1. 3. 3. 3   Noi se Cont r ol

**************************************************************************
NOTE:   Di f f er ent  day and ni ght  noi se r est r i c t i ons 
may be appr opr i at e.

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

The S/ S syst em shal l  [ meet  st at e and l ocal  noi se pol l ut i on cont r ol  
r egul at i ons]  [ not  exceed [ _____]  deci bel s at  any s i t e boundar y] .

1. 4   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  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 
desi gnat 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  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on 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 c t  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 c t  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"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y  mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

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.

**************************************************************************
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Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  [ Cont r act or  Qual i t y  Cont r ol  
appr oval . ]  [ i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he " G"  
desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he 
Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Wor k Pl an
Qualifications
Equipment
Qual i t y Cont r ol  Test s
Key Per sonnel
Bat ch Pr opor t i ons

SD- 06 Test  Repor t s

Post  Tr eat ment  Test i ng
Fi el d Demonst r at i on

SD- 07 Cer t i f i cat es

Reagents

1. 5   QUALIFICATIONS

1. 5. 1   Cont r act or  Exper i ence

Have successf ul l y  compl et ed at  l east  [ 5]  [ _____]  S/ S pr oj ect s of  compar abl e 
s i ze and scope i n accor dance wi t h l ocal ,  st at e,  and f eder al  r equi r ement s 
usi ng t he pr oposed syst em or  a s i mi l ar  syst em.

1. 5. 2   Key Per sonnel

Key per sonnel  shal l  have a mi ni mum of  [ 3]  [ _____]  year s of  S/ S f i el d 
exper i ence.   Key per sonnel  shal l  i ncl ude syst em oper at or s,  qual i t y  cont r ol  
per sonnel ,  and super vi sor y engi neer i ng and t echni cal  st af f  i nvol ved wi t h 
t he S/ S syst em oper at i on.

1. 6   PROJECT/ SI TE CONDI TI ONS

**************************************************************************
NOTE:   Per t i nent  s i t e char act er i zat i on dat a shoul d 
be pl aced i n t he appendi x of  t he speci f i cat i ons or  
on t he dr awi ngs and r ef er enced her e.   I ndi cat e t he 
det ai l  t o whi ch s i t e char act er i zat i on has been 
per f or med and i ndi cat e wher e obvi ous dat a gaps exi st .

Si t e speci f i c  condi t i ons shoul d be consi der ed when 
det er mi ni ng al l owabl e t emper at ur es at  whi ch S/ S and 
cur i ng may t ake pl ace.   Tr eat abi l i t y  st udi es can be 
used t o addr ess t hi s i ssue.

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

The physi cal  condi t i ons i ndi cat ed on t he dr awi ngs and i n t he speci f i cat i ons 
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ar e t he r esul t  of  s i t e i nvest i gat i ons.   Whi l e t he s i t e i nvest i gat i on dat a 
i s r epr esent at i ve of  subsur f ace condi t i ons at  a speci f i c  l ocat i on,  
var i at i ons i n t he cont ami nat ed mat er i al s ar e expect ed t o exi st .   S/ S shal l  
not  t ake pl ace i n an ambi ent  t emper at ur e bel ow [ 4]  [ _____]  degr ees C [ 40]  
[ _____]  degr ees F wi t hout  appr oval .   Pr ovi s i ons shal l  be made t o mai nt ai n 
t he t emper at ur e of  t he t r eat ed mat er i al  above f r eezi ng whi l e cur i ng.   
Cont ami nat ed mat er i al  shal l  not  be t r eat ed i f  i t  cont ai ns any f r ozen 
mat er i al .   The t emper at ur e of  t he S/ S mat er i al  i mmedi at el y af t er  t r eat ment  
shal l  not  exceed [ 32]  [ _____]  degr ees C [ 90]  [ _____]  degr ees F wi t hout  
appr oval .   S/ S shal l  not  be per f or med dur i ng per i ods of  heavy r ai nf al l  i f  
t hi s wi l l  r esul t  i n t he addi t i on of  excess wat er  t o t he mi xt ur e.

PART 2   PRODUCTS

2. 1   MATERIALS

2. 1. 1   Water

**************************************************************************
NOTE:   I t  may be appr opr i at e t o r equi r e chemi cal  
t est i ng of  t he pr oposed wat er  sour ce when t he wat er  
i s  of  quest i onabl e qual i t y .

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

Wat er  shal l  not  cont ai n concent r at i ons of  oi l ,  aci d,  sal t ,  al kal i ,  or gani c 
mat t er ,  or  ot her  del et er i ous subst ances whi ch wi l l  be det r i ment al  t o t he 
successf ul  execut i on of  t he S/ S t r eat ment  pr ocess.   Pot abl e wat er  shal l  be 
used wher e avai l abl e.   The Gover nment  may r equi r e t he Cont r act or  t o per f or m 
chemi cal  anal yses on r epr esent at i ve wat er  sampl es i f  t he wat er  appear s t o 
be of  quest i onabl e qual i t y .   

2. 1. 2   Reagents

Pr ovi de t he chemi cal  composi t i on of  r eagent s used.   A cer t i f i cat e of  
anal ysi s suppl i ed by t he vendor  shal l  accompany each shi ppi ng uni t  of  
r eagent .   Shi p r eagent s i n pr oper l y l abel ed cont ai ner s wi t h i nst r uct i ons 
f or  handl i ng and st or age.   St r i c t l y  adher e t o t he i nst r uct i ons.

2. 1. 3   Mi x Desi gn

**************************************************************************
NOTE:   I n most  i nst ances,  t he Gover nment  wi l l  have 
conduct ed t r eat abi l i t y  st udi es pr i or  t o 
adver t i sement  f or  bi ds.   Resul t s of  t hese 
t r eat abi l i t y  st udi es ar e gener al l y pr ovi ded t o 
bi dder s and i ncl uded i n t he cont r act  document s.

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

Sel ect  a mi x desi gn whi ch meet s t he per f or mance cr i t er i a l i s t ed i n Tabl e 1 
f or  use dur i ng f ul l  scal e t r eat ment .   [ A pr el i mi nar y t r eat abi l i t y  st udy has 
been per f or med on t he cont ami nat ed mat er i al s.   Resul t s of  t hi s st udy ar e 
pr ovi ded i n Appendi x [ _____]  f or  i nf or mat i on onl y. ]  [ No Gover nment  
t r eat abi l i t y  st udi es wer e per f or med. ]

2. 2   EQUIPMENT

2. 2. 1   Mi x i ng Equi pment

The mi xi ng equi pment  shal l  have a mi ni mum capaci t y  adequat e t o meet  
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per f or mance and schedul e r equi r ement s and shal l  be equi pped wi t h posi t i ve 
means f or  cont r ol l i ng t he mi x pr opor t i ons,  mai nt ai ni ng t he t i me of  mi x i ng 
const ant ,  and mai nt ai ni ng t he appr opr i at e speed of  r ot at i on of  t he mi xer .

2. 2. 2   Reagent  Feed Uni t s

Sat i sf act or y means,  i ncor por at i ng wei ghi ng,  met er i ng or  vol umet r i c 
measur ement  shal l  be pr ovi ded t o separ at el y bat ch t he r equi r ed amount  of  
each r eagent .   Si l os and f eeder s shal l  be equi pped and oper at ed so t hat  no 
caki ng of  mat er i al  or  var i at i on i n f eed occur s.   Pr ovi s i on shal l  be made so 
t hat  each r eagent  can be easi l y sampl ed.

2. 2. 3   Accur acy of  Measur ement  Equi pment

Scal es,  met er s,  and vol umet r i c measur i ng devi ces used f or  measur i ng 
cont ami nat ed mat er i al ,  r eagent s,  and wat er  f or  S/ S pr ocessi ng shal l  be 
accur at e t o pl us or  mi nus [ 0. 1]  [ _____]  per cent  of  t he quant i t y bei ng 
measur ed.   A check of  cal i br at i on of  measur i ng equi pment  shal l  be per f or med 
once ever y [ 5]  [ _____]  wor ki ng days.

PART 3   EXECUTI ON

3. 1   STOCKPILES

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  s t ockpi l es ar e not  
r equi r ed.   Mor e el abor at e st ockpi l e r equi r ement s may 
be needed based on s i t e- speci f i c  r egul at or y cr i t er i a.

I n addi t i on t o l eachat e col l ect ed f r om st ockpi l es,  
wat er  f r om ot her  sour ces ( decont ami nat i on wat er ,  
sur f ace r unof f ,  et c. )  i s  al so somet i mes used i n t he 
S/ S pr ocess.

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

St ockpi l es shal l  be const r uct ed f or  st or i ng cont ami nat ed mat er i al  [ pr i or  
t o]  [ and]  [ f ol l owi ng]  t r eat ment .   St ockpi l es shal l  be const r uct ed t o 
include:

a.   A geomembr ane l i ner  wi t h a mi ni mum t hi ckness of  1. 0 mm 40 mi l s.   The 
l i ner  shal l  be pr ot ect ed f r om vehi c l es by a [ 540]  [ _____]  g/ squar e m 
[ 16]  [ _____]  ounce/ squar e yar d geot ext i l e and a t r af f i c  sur f ace l ayer  
consi st i ng of  gr avel ,  concr et e,  or  ot her  mat er i al  whi ch wi l l  not  damage 
t he geomembr ane.   The gr ound sur f ace on whi ch t he geomembr ane i s pl aced 
shal l  be smoot h and f r ee of  r ocks gr eat er  t han 13 mm 0. 5 i nches i n 
di amet er  or  any ot her  obj ect  t hat  coul d damage t he geomembr ane.

b.   The l i ner  shal l  be s l oped t o a l ow poi nt  t o al l ow l eachat e t o be 
col l ect ed.   Leachat e col l ect ed f r om t he st ockpi l e shal l  be anal yzed 
and,  i f  necessar y,  t r eat ed t o meet  appl i cabl e l ocal ,  st at e,  and f eder al  
r egul at i ons.   Leachat e col l ect ed f r om t he st ockpi l e may be used i n t he 
S/ S pr ocess pr ovi ded t he t r eat ed mat er i al  t o whi ch t he l eachat e was 
added meet s t he physi cal  and chemi cal  post - t r eat ment  t est  cr i t er i a.

c.   A geomembr ane cover  wi t h a mi ni mum t hi ckness of  0. 25 mm 10 mi l s  t o 
pr event  pr eci pi t at i on f r om ent er i ng t he st ockpi l e.

d.   Ber ms sur r oundi ng t he st ockpi l e t hat  ar e a mi ni mum of  300 mm 12 i nches 
i n hei ght .
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3. 2   OPERATION

3. 2. 1   Di ssi mi l ar  Mat er i al s

Di ssi mi l ar  mat er i al s t hat  t est i ng has i ndi cat ed need di f f er ent  mi x r at i os,  
shal l  not  be mi xed t oget her .

3. 2. 2   Over si ze Mat er i al

**************************************************************************
NOTE:   I ndi cat e t he met hod and l ocat i on of  di sposal  
of  t r eat ed over s i ze mat er i al .

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

Cont ami nat ed mat er i al  t hat  exceeds t he maxi mum al l owabl e par t i c l e s i ze of  
t he S/ S mi xi ng uni t  and t hat  i s  amenabl e t o t r eat ment  shal l  be r educed t o a 
s i ze t hat  t he mi xi ng uni t  can accept .   Over si ze mat er i al  t hat  cannot  be 
r educed t o an al l owabl e s i ze f or  t he S/ S uni t  shal l  be t r eat ed i n 
accor dance wi t h [ 40 CFR 268]  [ _____] .   Af t er  t r eat ment ,  t he mat er i al  shal l  
be di sposed of  [ _____] .   Hazar dous r esi dual  pr oduced i n t r eat i ng t he 
over si ze mat er i al  shal l  be di sposed of  i n accor dance wi t h appl i cabl e l ocal ,  
st at e and f eder al  r egul at i ons.

3. 3   FI ELD DEMONSTRATI ON

Pr i or  t o f ul l - scal e oper at i ons,  a f i el d demonst r at i on shal l  be per f or med.   
At  l east  [ 500]  [ _____]  cubi c met er s cubi c yar ds of  cont ami nat ed mat er i al  
shal l  be pr ocessed and t he t est s l i s t ed i n Tabl e 2 shal l  be per f or med on 
[ 5]  [ _____]  r epr esent at i ve sampl es of  t he t r eat ed mat er i al .   A f i el d 
demonst r at i on shal l  be per f or med on each di st i nct i ve t ype of  mat er i al  or  
cont ami nant  t o be t r eat ed.

3. 3. 1   Ful l - Scal e Pr ocessi ng Equi pment

The f ul l - scal e pr ocessi ng equi pment  shal l  be used f or  t he f i el d 
demonst r at i on.   Reagent s,  mi x r at i os,  and mi xi ng pr ocedur es used dur i ng t he 
f i el d demonst r at i on shal l  be t he same as t hose used f or  t he r emai nder  of  
t he wor k.

3. 3. 2   Sampl i ng Locat i ons

**************************************************************************
NOTE:   Sampl i ng pr ot ocol s f or  t he f i el d 
demonst r at i on shoul d be t he same as t he sampl i ng 
pr ot ocol s used f or  f ul l  scal e t r eat ment .   Speci f y 
t he met hod,  l ocat i on and dept h at  whi ch sampl es f or  
t he f i el d demonst r at i on wi l l  be obt ai ned.   Chemi cal  
t est i ng shoul d gener al l y  be per f or med t o ver i f y t hat  
t he mat er i al s t o be used f or  t he t est  r un,  cont ai n 
t he cont ami nant s of  concer n at  hi gh enough 
concent r at i ons t o adequat el y t est  t he syst em.   
Addi t i onal  t est i ng may be war r ant ed t o ver i f y t hat  
t he physi cal  pr oper t i es of  t he mat er i al s ar e al so 
r epr esent at i ve of  s i t e condi t i ons.

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

Cont ami nat ed mat er i al  used f or  t he f i el d demonst r at i on shal l  be obt ai ned 
f r om [ _____] .   Pr i or  t o per f or mi ng t he f i el d demonst r at i on,  cont ami nat ed 
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mat er i al  t o be used f or  t he f i el d demonst r at i on shal l  be t est ed t o ver i f y 
i t  cont ai ns t he f ol l owi ng mi ni mum l evel s of  cont ami nat i on:   [ _____] .

3. 3. 3   Testing

**************************************************************************
NOTE:   Consi der at i on shoul d be gi ven t o t he need f or  
moni t or i ng of f - gas,  dust ,  and noi se gener at i on 
dur i ng t he f i el d demonst r at i on t o ensur e compl i ance 
wi t h l ocal ,  st at e,  and f eder al  r egul at i ons.

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

Test i ng shal l  be per f or med t o ver i f y t hat  t he t r eat ed mat er i al  f r om t he 
f i el d demonst r at i on meet s t he speci f i ed physi cal  and chemi cal  cr i t er i a.   I f  
t he t r eat ed mat er i al  pr oduced dur i ng t he f i el d demonst r at i on does not  pass 
t he t est i ng r equi r ement s,  an equal  quant i t y of  t he same t ype of  mat er i al  
whi ch f ai l ed shal l  be t r eat ed usi ng a new mi x desi gn or  pr ocedur e.

3. 3. 4   Vol ume I ncr ease

**************************************************************************
NOTE:   The excessi ve addi t i on of  r eagent s dur i ng 
t r eat ment  can r esul t  i n a gr eat er  t han ant i c i pat ed 
vol ume i ncr ease.   Li mi t i ng vol ume i ncr ease i s 
i mpor t ant  i f  t he t r eat ed mat er i al  i s  t o be pl aced i n 
an onsi t e l andf i l l  wi t h l i mi t ed st or age space.   For  
t hi s r eason,  moni t or i ng of  vol ume i ncr ease i s of t en 
done dur i ng t he t r eat abi l i t y  st udy,  f i el d 
demonst r at i on,  and/ or  f ul l - scal e t r eat ment .

The excessi ve addi t i on of  r eagent s can al so r esul t  
i n hi gher  t r eat ment  and of f - s i t e di sposal  cost s.

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

The est i mat ed i ncr ease i n vol ume r esul t i ng f r om t r eat ment  shal l  be 
det er mi ned and r epor t ed wi t h t he f i el d demonst r at i on t est  r esul t s.   Vol ume 
i ncr ease shal l  be det er mi ned by compar i ng t he vol ume of  i n s i t u 
cont ami nat ed mat er i al  t o be t r eat ed t o t he vol ume of  t r eat ed mat er i al  usi ng 
t he f ol l owi ng f or mul a:

B= 100 x [ ( 1+R)  x ( D i n s i t u/ D t r eat ed)  -  1] ,  wher e

B= Vol ume i ncr ease i n per cent .
R= Dr y wei ght  r at i o of  sol i di f y i ng agent  t o wast e.
D i n s i t u = Dr y uni t  wei ght  of  i n s i t u wast e.
D t r eat ed = Dr y uni t  wei ght  of  compact ed t r eat ed mat er i al .

3. 3. 5   Fi el d Demonst r at i on Test  Resul t s

**************************************************************************
NOTE:   Whi l e t wo opt i ons of  t he f i el d demonst r at i on 
t est  r esul t s par agr aph ar e pr ovi ded,  i t  i s  
pr ef er abl e t o f or ce t he Cont r act or  t o st op 
pr ocessi ng cont ami nat ed mat er i al  unt i l  r esul t s f r om 
t he f i el d demonst r at i on i ndi cat e t hat  t he 
Cont r act or ' s pr oposed mi x desi gn can successf ul l y  
t r eat  t he cont ami nat ed mat er i al .

**************************************************************************
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Af t er  compl et i on of  t he f i el d demonst r at i on,  [ no addi t i onal  cont ami nat ed 
mat er i al  shal l  be pr ocessed unt i l  t est  r esul t s f r om t he f i el d demonst r at i on 
ver i f y t hat  t he t r eat ed mat er i al  meet s t he physi cal  and chemi cal  cr i t er i a 
l i s t ed i n Tabl e 1]  [ cont ami nat ed mat er i al  may cont i nue t o be pr ocessed.   
However ,  i f  t est  r esul t s f r om t he f i el d demonst r at i on do not  pass t he 
cr i t er i a l i s t ed i n Tabl e 1,  t he cont ami nat ed mat er i al  t r eat ed wi t h t he 
f ai l i ng mi x desi gn shal l  be r epr ocessed wi t h a wor ki ng mi x desi gn at  no 
addi t i onal  cost  t o t he Gover nment ] .

3. 4   QUALI TY CONTROL PROCEDURES

**************************************************************************
NOTE:   Leachi ng and hydr aul i c conduct i v i t y t est s ar e 
not  amenabl e t o r eal  t i me qual i t y  cont r ol  because of  
t he t i me r equi r ed t o per f or m t he t est s;  t her ef or e,  
i t  i s  pr ef er abl e t o mi ni mi ze t he number  of  l eachi ng 
and hydr aul i c conduct i v i t y t est s per f or med and t o 
mai nt ai n qual i t y  cont r ol  of  t he S/ S pr ocess by 
ver i f y i ng t hat  t he mi x desi gn wor ks dur i ng t he f i el d 
demonst r at i on and mai nt ai ni ng qual i t y  cont r ol  by 
moni t or i ng bat ch pr opor t i ons and mi xi ng t i me.   Real  
t i me i ndi cat or  t est s such as pH,  speci f i c  
conduct ance,  mi x t emper at ur e,  and wat er  cont ent  can 
al so be used as qual i t y  cont r ol  t ool s.

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

3. 4. 1   Bat ch Pr opor t i ons

Mi xi ng t i me,  mi x i ng speed,  and amount s of  cont ami nat ed mat er i al ,  r eagent s,  
and wat er  added t o each bat ch shal l  be r ecor ded.   Mi x i ng t i me,  mi xi ng 
speed,  and bat ch pr opor t i ons shal l  be mai nt ai ned wi t hi n t he l i mi t s 
speci f i ed i n t he appr oved Wor k Pl an and as modi f i ed dur i ng t he f i el d 
demonstration.

3. 4. 2   Segregation

**************************************************************************
NOTE:   To pr event  doubl e handl i ng,  i t  i s  pr ef er abl e 
t o pl ace t r eat ed mat er i al  di r ect l y i nt o t he 
per manent  st or age ar ea r at her  t han st ockpi l i ng i t  
unt i l  post - t r eat ment  t est i ng i s compl et ed.

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

Tr eat ed mat er i al  shal l  be [ separ at ed i nt o uni t s ( s t ockpi l es)  f or  
post - t r eat ment  t est i ng.   Tabl e 2 l i s t s t he f r equency at  whi ch 
post - t r eat ment  t est i ng shal l  be per f or med.   Uni t  s i ze shal l  be equal  t o or  
l ess t han t he quant i t y per t ai ni ng t o t he most  f r equent  qual i t y  cont r ol  
t est ]  [ pl aced di r ect l y i nt o t he per manent  st or age si t e af t er  t r eat ment .   
Tr eat ed mat er i al  shal l  be pl aced such t hat  t he mat er i al  f r om speci f i c  
bat ches/ r uns can be def i ned and r emoved i f  i t  f ai l s  post - t r eat ment  t est i ng] .

3. 4. 3   Qual i t y Cont r ol  Test s

**************************************************************************
NOTE:   Sampl es f or  post - t r eat ment  t est i ng shoul d 
gener al l y be col l ect ed i mmedi at el y af t er  t r eat ment .   
Thi s el i mi nat es t he need t o r emove sampl es f r om t he 
t r eat ed mass af t er  i t  has cur ed.
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I f  t he t r eat ed mat er i al  exhi bi t s soi l - l i ke 
pr oper t i es,  moi st ur e cont ent  and densi t y cr i t er i a 
may al so need t o be speci f i ed f or  t he post - t r eat ment  
t est  sampl es.

The val ues shown i n Tabl e 2 f or  f r equency of  t est i ng 
ar e onl y exampl es and need t o be det er mi ned on a 
s i t e speci f i c  basi s.   I f  r equi r ed,  s i t e speci f i c  
t est i ng r equi r ement s f or  of f - gas emi ssi ons,  dust ,  
and noi se shoul d al so be i ncl uded i n t he t abl e.

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

The t est s l i s t ed i n Tabl e 2 shal l  be per f or med on r epr esent at i ve sampl es of  
t r eat ed mat er i al .   Sampl es f or  qual i t y  cont r ol  and qual i t y  assur ance 
t est i ng shal l  be col l ect ed i mmedi at el y af t er  t r eat ment  and al l owed t o cur e 
as speci f i ed i n ASTM D4832 or  by anot her  appr oved met hod.   Sampl es shal l  
meet  t he post - t r eat ment  t est i ng cr i t er i a l i s t ed i n Tabl e 1.

Tabl e 2 -  POST- TREATMENT QUALI TY CONTROL TESTI NG FREQUENCY

St andar d Test  Pr ocedur e Fr equency/ Cubi c Met er s Yar ds

TCLP EPA SW- 846. 3- 3 1 per  [ 500] [ _____]

Unconf i ned Compr essi ve St r engt h ASTM D1633 1 per  [ 500] [ _____]

Permeability ASTM D5084 1 per  [ 500] [ _____]

Vol ume I ncr ease ASTM D1556/ D1556M 1 per  [ 500] [ _____]

3. 4. 4   Ret est i ng and Repr ocessi ng

Ret est i ng and r epr ocessi ng shal l  be per f or med,  at  no addi t i onal  cost  t o t he 
Gover nment ,  f or  t r eat ed mat er i al  t hat  does not  meet  t he physi cal  and 
chemi cal  r equi r ement s l i s t ed i n Tabl e 1.

3. 4. 4. 1   Retesting

Any uni t  t hat  f ai l s  post - t r eat ment  qual i t y  cont r ol  or  qual i t y  assur ance 
t est i ng shal l  be r et est ed or  r epr ocessed.   I f  t he Cont r act or  el ect s t o 
r et est  t he uni t ,  t wo addi t i onal  sampl es shal l  be col l ect ed and t est ed f or  
t he f ai l ed par amet er .   I f  bot h t est s pass,  r epr ocessi ng of  t he uni t  wi l l  
not  be r equi r ed.   I f  ei t her  sampl e f ai l s ,  t he uni t  shal l  be r epr ocessed.

3. 4. 4. 2   Reprocessing

I f  t he Cont r act or  r epr ocesses a uni t  of  mat er i al ,  t he uni t  shal l  be sampl ed 
and t est ed as descr i bed i n par agr aph Qual i t y Cont r ol  Test s af t er  
reprocessing.

3. 4. 5   Adj ust ment s t o Mi x Desi gn

Subj ect  t o appr oval ,  t he mi x desi gn may be changed based on t he 
char act er i st i cs of  t he mat er i al  bei ng t r eat ed.   An addi t i onal  f i el d 
demonst r at i on may be r equi r ed by t he Cont r act i ng Of f i cer  pr i or  t o 
i mpl ement at i on of  t he new mi x desi gn.
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3. 4. 6   Qual i t y Assur ance Test i ng

Dupl i cat e sampl es shal l  be submi t t ed t o t he Gover nment ' s qual i t y  assur ance 
l abor at or y at  a f r equency of  one set  of  sampl es per  [ 10]  [ _____]  set s of  
qual i t y  cont r ol  t est s per f or med.   Qual i t y assur ance sampl es wi l l  be t est ed 
f or  t he par amet er s l i s t ed i n Tabl e 2.   The Cont r act i ng Of f i cer  may r equi r e 
addi t i onal  qual i t y  assur ance t est s as a r esul t  of  f ai l ed qual i t y  assur ance 
or  qual i t y  cont r ol  t est s.   The Cont r act i ng Of f i cer  may al so r equi r e 
addi t i onal  qual i t y  assur ance t est s due t o changes i n t he mi x desi gn or  
physi cal  appear ance of  t he cont ami nat ed mat er i al .

       - -  End of  Sect i on - -
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