
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

DRAFT 

PLUTONIUM IN SOILS TREATABILITY STUDIES WORK PLANS 
1RUclean PROCESS AND MAGNETIC SEPARATION 

ROCKY FLATS PLANT 
OPERABLE UNIT 2 

U S DEPARTMENT OF ENERGY 
ROCKY FLATS PLANT 

GOLDEN COLORADO 

ENVIRONMENTAL RESTORATION DROGRAM 

NOVEMBER 14 1991 

VOLUME1 TEXT 

r r  I 



I 

I 
I 
I 
I 

I 

DRAFT 

PLUTONIUM IN SOILS TREATABILITY STUDIES WORK PLANS: 
TRUclean PROCESS AND MAGNRJC SEPARATION 

ROCKY FIATS PLANT 
OPERABLE UNIT 2 

U S DEPARTMENT OF ENERGY 
ROCKY FLATS PLANT 
GOLDEN, COLORADO 

ENVIRONMENTAL RESTORATION PROGRAM 

NOVEMBER 14,1991 

VOLUME I - TEXT 

// Date /8/ / I  
/ 



TABLE OF CONTENTS 

EXECUTNESUMMARY ...................................... 1 

A C R O ~ S  ............................................... iv 

1.0 INTRODUCIlON ......................................... 1 

1.1 Background .......................................... 1 

1.2 PreviousRclatcd Work ................................... 2 

2 0 ROCKY FLATS PLANT SlTE DESCRIPTION ...................... 3 

3.0 SITE CHARACTERIZATION DATA FOR SOILS .................... 4 

4.0 TESTOBJECTIVES ...................................... 6 

4.1 Level of Work Plan Development ........................... 6 

4.2 Basis for Clean Soils ................................... 6 

4.3 IntendcdUseofData .................................. 7 

5.0 DATAQUALITYOBECXIWS ............................... 9 

5.1 S t a g e l - ~ O n ' I ) l p e s  .................................. 9 
5.1.1 Datausers ...................................... 9 
5.1.2 Avsulable DaWSample Lacabon ........................ 10 
5.1.3 specific Treatab&ty Study objectwes ...................... 10 

I 
E 
1 

5.2 Stage2-Id~1t@DataUses/Need~ ........................... 10 
5.2.1 Ida@DataUscs .................................. 10 
5.2.2 Data- ...................................... 11 
5.2.3 DataQualityNecds ................................. 11 
5.2.4 Analpalopttons .................................. 13 
5.2.5 Review PARCC parameter Infolmaton ..................... 13 

5.3 stage3-DataColleCtronRO@atn ............................ 14 
5.3.1 Samphgand Analysts ............................... 14 
5.3.2 Sampling and Analysis Quahty controls .................... 15 

6 0  DATAMANAGEMENT .................................... 16 



I 6.1 Site (Bulk Sample) -on Data ...................... 16 
6.2 Qual~ty~trolprocedurcs ................................ 17 

6.2.1 Vcnfiat~on ...................................... 17 
6.2.2 Validaton ....................................... 18 

7.0 TRUdeanPROCESS ....................................... 19 

7.1 Type of Treatabhty Study ................................. 19 

7.2 TechnologyDacnptIm ................................... 19 

7.3 E x ~ t a l p r o c e d ~ r e ~ a n d E q u ~ p ~ t  ........................ 24 
7.3.1 EXpaimentalDdgn ................................ 24 
7.3.2 T a g  Fiicihty .................................... 26 
7.3.3 characten;cab 'on of Test Soil ........................... 26 

7.3.3.1 Bulk Density D e m o n  ....................... 29 
7.3.3.2 Au D y n g  ................................. 29 
7.3.3.3 pH-on ............................. 29 
7.3.3.4 Parhcle Sue Analysls ........................... 29 

33 7.3.3.5 An-Dry Moisture Dctummabon .................... 
7.3.3.6 Gross Alpha Ikmmnabon ...................... 33 ........................ 33 7.3.3.7 Gross Beta DetemunatIon 

33 7.3.3.8 Plutomum 239 plus 240 Detmmabon ................ 
7.3.4Test procesS ...................................... 34 

7.3.4.1 Support Equipment ............................ 35 
7.3.4.2 procesS Equpment ........................... 37 

7.3.5 Equpment. Materials and Reagents ....................... 46 
7.3.5.1 Pnxxss Equipment ............................ 46 
7.3.5.2 Support Equipment ............................ 47 
7.3.5.3 Sarnphg/Analyhcal Equipment ..................... 47 
7.3.5.4 Reagents ................................. 48 

7.3 6 Measurements and Samplmg Requirements ................... 48 

7 4 Field and Laboratory I)ocumentation and Management ................ 50 

7.5 DataEvaluatIm ....................................... 50 
7.5.1 AWC charactenzabon Sample .......................... 51 
7.5 2 Indiwdual Process Equipment Tests ....................... 52 
7.5.3 Sequential Process Equipment Tests ....................... 53 
7.5.4 OVeaatlDataEvaluatIon .............................. 54 

7.6 Regulatory Requirements .................................. 54 

7.7 Resduals Management ................................... 56 

7 8 Health and Safety ..................................... 58 



I 7.9 ScheduleforTRUcleanTests ............................... 59 

8.0 MAG"'ICSEPARATI0N ................................. 61 

8.1 Type of "matabhty Study ................................. 61 

8.2 Technology Description ................................... 61 

8.3 Experimental Procedures and Eqrupment ........................ 62 
8.3.1 ExpcrimentalDeqn ................................ 62 
8.3.2 T-g F a t y  .................................... 67 
8.3.3 -on of Test Sod ........................... 67 
8.3.4 Testprocess ..................................... 68 

8.3.4.1 S h g  and prepared Sample Slurryvlg ................ 68 
8.3.4.2 Phased HGMS Testmg . Plutomum Removal ............ 73 
8 .343  ProcesslngofTreatedSlurry ...................... 77 

8 3.5 Eqwpment. Matmals. and Reagents ...................... 78 
8.3.6 Documentahon of C n t d  Parametem and Samphg Rcqumments .... 78 

8.4 Field and Laboratory Data Management ......................... 81 

8.5 DataEvaIuabon ....................................... 82 
8 5.1 Surrogate Tcstmg Data ............................... 82 
8.5.2 Sample Charactenzabon and Prepambon .................... 82 
85.3 PhaseHGMSTestmg ................................ 83 

8 6  RegulatmyRquirements .................................. 84 

8.7 ResldualsManagcmcnt ................................... 87 

8.8 Healthandsafety ...................................... 88 

8.9 Schedule for HGMS Tats ................................. 89 

9.0 SOILCHAIN-OF-CUSTODY ................................. 91 

10.0 REFERENCES .......................................... 93 



EXECUTIVE SUMMARY 

1 





1 

FIOURE E$-1 
GENERAL OVERVIEW 

TREATABIUTY TEST STEPS 



AP 
AWC 

AWC-CS 

CDH 

CLP 
DOE 
DOT 
DQO 
EM 
EM SOP 

BPA 

CMStFS 

ORRASP 
OS 

HOMS 

LANL 
LSCOPP 
MGS 

NTS 

OU2 

PARCC 

wg 
QM 

QAqP 
RAS 

WEDS 

RpuRl 

RFP 
BVPS 

SOP 

moc 
Taw 
TSP 
VOC 

ACRONYMS 

1v 



E O M  ROCKY FLATS PIANT m u d  21100-WP-OU 026 
section LQbulQ 
P890 1 o f 9 3  
Effective Date 
Organization RPD 

Approved By 

10  INTRODUCTlON 

1 



EGCG ROCKY FIATS PLANT Mnud 21 1OO-WP-OU Q2.6 
Section lluwdQ 
Page 2 o f 9 3  
Effectlye Date. 
Orgmkatmn RPD 

2 



EGCO ROCKY FIATS PIAHT Mnud 21 loo-WP-OU m.6 
section 2.suwdQ 
Page 3 o f 9 3  
Effective Date 
Organhatton RPD 

Approved By 

TITLE: - h Sols - T r e m  
a 

NUA. 

2 0 ROCKY FLATS PLANT SITE DESCRlPnON 

I 
! I  3 



€GIG ROCKY FIATS PIANT Manual 21 loo-wP-ou pze 
Section LcLibL@ 
P8gO 4 o f 9 3  
Effective pate. 
Organhation RPD 

3 0 SITE CHARACTERlZATiON DATA FOR SOILS 

4 



EG&G ROCKY FLATS PUNT M8tlUd 21 lOO+YP-OU Q2.S 
SWtBOtl uL&LdQ 
Page 5 o f 9 3  
Efiecthre Date 
Orgmizmon RPD 

5 



I I 

I 
I 

I !  

EOaQ ROCKY FLATS PLANT M4nUd. 21 100-WP-OU 02.6 
section daQwLd9 
Page 6 o f 9 3  
Effective Date 
Organhation RPD 

Approved By 

4.0 "ESTOBJECTlvES 

4 2  - 
6 

M 



EG&G ROCKY M T S  PLANT Manual 21 lOO-WP-OU 02.6 
section A?Qb&m 
Page. 7 o f 9 3  
Effocthre Date 
Organization RPD 

4 3  - 

7 



I 
I 
I 
I 

EG&G ROCKY FIATS PLANT Manual 211oo-WPbU 02.6 
action 4JuauQ 
Qloe 8 of- 
Effective Date 
Organization RPD 

8 



EG6G ROCKY FLATS PLANT Mmud 21100-wP-0u 
Section s&s?Ahm 
fago .9 o f 9 3  
Effective Date 
Organbation RPD 

Approved By 

6 0 DATA QUALITY OBJECTIVES 

5.1 1 Urn 

9 



EG&G ROCKY M T S  PLANT Manual. 21 1OO-WP.OU 02.6 
section - 
Page .10 o f 9 3  
E*ective Date 
Organization RPD 

5 1.3 spsclfic Tmtdnhty Study 0@21vee 

10 



~ ~~ 

EG&Q ROCKY FIATS PLANT Manual 211cK)-Wp-OU Q2.6 
section S J Q W d Q  
Page 11, o f 9 3  
Effective Date 
OlgfldZ8tb RPD 

11 



I 
I 
I 

' I  
I 

I 

TABLE 6-1 
Summrn of Das Uses and Andvticd bvdr 

12 



I 
I 

EQ&G ROCKY FIATS PLANT Mimud. 21 100-WP-OU 02.6 
socbon sA&uJ!Q 
Page 13 o f 9 3  
Effective Date 
Orgmkation RPD 

I 
13 



I 
I 

I 

EQ&G ROCKY FUTS PIANT ManUd 21 100-WP-OU 02.6 
section sJL&u@ 
Paae 14 o f 9 3  
Effective Date. 
Organization RPD 

5.3.1 Sapling md Anrlycns 

14 



I 
I 

' I  
I 
I 
I 
I 
8 
I 
I 
I 

; I  
' I  
I 

i I 

I 

I 
1 

( I  
II 

EGCG ROCKY FLATS PUNT Mmud 21 100-WP-OlJ 02.6 
Section sJuleu2 
Page. 15 o f 9 3  
Effective Date 
Organizatton RPD 

15 



EGIG ROCKY FIATS PLANT Mwud 211oo-wP-0u Qze 
Section 6auhUYQ 
Page 16 o f 9 3  
Effective Date 
Org~irarion RPD 

6 0 DATA MANAGEMENT 

16 



EGCG ROCKY FLATS PUNT M m d  
section 6Auhd!2 
Page 17 o f 9 3  
Effective Date 
Organhation RPD 

17 



I 
I 
I 
0 
I 
I 

EGIG ROCKY FIATS PLANT Manu4 21 100-WP-OU 02.6 
section & s Q w A !  

Page* 18 o f 9 3  
Effective Date 
Organization RPD 

18 



EO&G ROCKY FLATS PLANT Mnud 21 1OO-WP-c)U Q26 
~ c t h  ZJUQua 
Page 19 o f 9 3  
Effective Date 
Orgmization RPD 

Approved By 

7 0 TRUdem PROCESS 

7.2 

19 



Ea60 ROCKY FIATS PLANT Manual. 21 lOO-WO-OU 02.6 
Section zJuSLa2 
Page u) o f 9 3  
Effective Date- 
organization RPD 



Makeup Water in On 
Upstroke of Piston 

Piston Dnve 
Feted Material Water In 

I 

Dense 

Hutch Product - Dense Fines 

Tdling Ovrrtlow 
(Pouibty 'Ck.n3 

QuHyLIIIcRammm 

food Matand 
(RFP Pktonium-Conwlinnted Son) 

I 
FIGURE 7.2-1 

GENERAL CONFIGURATION AND FLOW 

FOR A GRAVJMETRJC SEPARATOR 



17 .37l ' 

131'6MESH 

0 ,065" 10 MESH 
0 .046'14MESH 
0 .0328" 20 MESH 

.0=28MESH 

.0184'3SMESH 
OllF48MESH 
0082"WMESH 
.OOW 100 MESH 
.0041" 150 MESH 
.0029" 200 MESH 
.0021"270 MESH 
.OOW 400 MESH 

FIGURE 7.2-2 

PARTICLE SIZE REPRESENTATION 



ai 
d 
P 
P 

0 
3 

i 
# 
Q 



€G&G ROCKY FLATS PLANT Manual 21 1 OO-WO6U 02.6 
&don lJLwuBl 
Page. 24 o f 9 3  
Effective Date 
Orgmkation: RPD 

7.3 

SOP NTS 101 
SOP NTS 102 
SOP NTS 104 
SOP NTsm1 
SOP m m 3  
SOP NTS301 
SOP NTS302 

SOP Iya 

SOP NTSm 

7 3.1 hpmmatd 



EG&G ROCKY FIATS PUNT Mmud 6 
Section. l J L r k d 9  
Pa08 25 o f 9 3  
Effective Date. 
Organization RPD 

I 
I 
I 25 



MCQ ROCKY FLATS PIANT M n U J  21 lao-WOgUp2e 
section zaLwLa 
Page 24 o f 9 3  
Effrcthro Date 
Orgmiadon. RPD 

7.33 Ta&q F d t y  

7.3.3 -an o f T a  Sod 

26 

*- 



1 
c 

I 
I 
a 

m 

I 
I 
I 

1 I 
STEP 1 

I 
STEP 3 

STEP 2 

I 1 
STEP 4 

FIGURE 7.3-1 
CONE AND QUARTERING 



1 
I 
I 

I '  

EG&G ROCKY FLATS PUNT MWllJd 21 100-WOOU 02.6 
Section 2'UW&! 
Page 28 o f 9 3  
Effective Date 
OlgOnh8tiOll RPD 

Ahdry simple prior to prrformhg the mmhhg tuts 

28 



I 
I 

I 
l 
I 
l 

n 

I 
I 
I 
I 

II 

I 
I 
1 
I 

EG&G ROCKY FLATS PLANT Manual 21 100-WO-OU 02.6 
section lLwJ!Q 
Page 29 o f 9 3  
Effective Date 
Organkation: RPD 

7.3.3.1 Bullr Dasrrmnrtm 

7.3.3 2 Au hymg 

7.3 3 3 pH D&rm~&on 

7.3 3 4 Puhcle SUB Anrlyus 

29 



imeters U.S. Skupdla 

125 
100 
75 
50 

37.5 
25 
19 

5-m 
4-m 
3-m 
2-m 

11/24a 
la 

3 l k  

30 



EG&G ROCKY RATS PUNT I W l U d  21 1 O o - W O 4 ~  
Section ldUmu!Q 
Page .A, o f 9 3  
Effective Date 
orgmkataon RPD 

31 

" 

I 



I 
I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

EG&G ROCKY FLATS PUNT Mmud 21 1 00-WO-OU 02.6 
section zJLwd9 
Page ,32, of _93 
IEffective D m  
OIomiZaiOn* RPD 

1 U.S. Skve 

U.S. Sieve No, 

212 
150 
106 
75 
45 

PAN 

70 
100 
140 
200 
325 

32 



EO60 ROCKY FIATS PLANT Manual 21 100-WO-OU 02.6 
Section zJLbUIQ 
Paae 33 o f 9 3  
Effective Date 
OlgMhation RPD 

1.3 3.5 Au-DyMorsturc 

7.3.3.6 Onnr Alpha Daarmartron 

33 



EG&G ROCKY FIATS PUNT Mrvlud 21 1OO-WO-OU 02.6 
section LQkuYQ 
Page 34 o f 9 3  
Effective Date 
Organization RPD 

7.3.3.8 PIutcKuum 239 plus 240 DsQnnuvtlon 

7.3 4 Tort Procsrr 

34 



I 
I 
I 
I 

' I  
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

I I 

E M 0  ROCKY FIATS PUNT MUUJd 21 loa-WO-qYq2s 
Section 2aQJbLa 
p w  35 o f 9 3  
Effective Date 
Organizat&n RPD 

7.3 4.1 &pport Kqwpnmt 

3s 



r 

__c c 3/4' SCREEN CONTAINER SCALE 

HOPPER t 

FEED AUGER 

CONTAINER .. .." I ....... 

+w49 

C0"EFl 

FIGURE 7.3-2 
FEED BLEEDING; AND 

TROMMEL SCRUBISCREEN 



EOCG ROCKY FLATS PIANT Manual. 21 100-WObU 02.6 
Section z A u E u Q  
P.ge* 37 o f 9 3  
Effective Date 
OrgCuriZrtiOn RPD 

Feed Auger: 

37 



EO&O ROCKY M T S  PLANT Manual 21 lOO-WO6U 02.6 
SeCtKM zbQm!a 
P8ge 38 o f 9 3  
Effective Date 
O l g M b m  RPD 

0 

0 

0 

0 

0 

0 

0 

0 

Use 8 d u m  hydmmde rolution at 8 pH range of 12 0 to 12.5 to td the promiss 
eqrupmslrt at the opturmm re#mgs 

Execute the pkn at leUa thrse tuaas umag 8 mlnlmum 91 lulOgnmcl(200 lb)of 
cont.mllutwl rod d mng 8 mdIum hydroxide roluhcm at 8 pH range of 12 0 to 12 5 
atlsurtoaca 

38 



I 

I 
I 
1 

I 
I 
I 
a 
1 

H3&Q ROCKY FIATS PLANT Manual 21 lOO-WO-OU 02.6 
section 2luwLa 
PWJ 39 o f 9 3  
Eifectlve Date 
Organization RPD 

T- 

Discharge screen opening size Tbe drschugc ecrem wth the l l 4 - d ~  (6 3 mm) 
opcmngs wrllbeused for8utrommal to& 

SpkJ Clruifkr. 

39 



nn 

I 

e + 
3 
c 



EG&G ROCKY FIATS PLANT Manual 21 100-WO-OU 02.6 
section ltQ&uQ 
Page 11 o f 9 3  
Effective Date 
Organization RPD 

Pulp density. The pulp deaslty mll be adjusted u mquued to rlwvs the dsrsmd qbt  
a t U S  SiweNo 70 Waterriprays d b e u a o d  tow& 6aeputsclm offofthecours 
putsclss bemg m d  by the qual (ttDde;rflow) Tlusvolums ofwater wdl uap.ct the 
PllP *tY 
Weir hdght 'Ibe rrut~alww haght wdl be rst at the mumnun &I@. Mjusbmmts mll 
be nmde u rsquvsd todum the dcslred rpbt 

Attrition Scrubber: 

41 



EG&G ROCKY FIATS PUNT M8nUd 211oo-w0.0u Q2s 
s8Ction l L B S Y d 9  
P8ge* Iz of- 
Effective Date 
Organization RPD 

42 



EG60 ROCKY FIATS P I A M  I W l U d  21 100-WO-OU 02.6 
S.CtiOn UUQYdQ 
Page. 43 o f 9 3  
Effective Date. 
Org8n&JtiOIl RPD 

Shake frequency The duke fr#lueocy WIII be rc( at 4 8 cyclai per d (cps) for 
the mtulte& MjIurbncats wdl be mpdc as requued. Sake fmpmcy mtbnp M 
4 0,4 8,or 5 7 cps 

Washwater flow rate The wmhwater flowmte wdl be met at 5 ttera per nnnute (lp) 
forthe uutultst Mjustmecltr wrll be nvrb as r#luusd FAowrrtss M adjustable 
fiomoto l0Ip 

43 



EG&G ROCKY FIATS PtAM Mmud 21 1OO-WO4U Q2.6 
section Z J Q h U Q  
Page 44 o f 9 3  
Effective Date 
OrQnbatlon RPD 

Vortex diameter: ?be vortex 8.nvltm for the lnrtultmt wdl be dectbd hred upon 
the hyrlrocyclone mmuiictum's rscomrmod.tron b ambo1 the mddlow at maus 70 
U S  No,plus 2OOUS No wrth5pacmt orlaas (pmfkmd) mnw 200US No 
putrclee 191 the ldocflow 

Unit sko Forthe prhcle llob aqmnb<nrs dmmed, the 10 mm hydrocyctoae(s) wdl 
beuaed 

contrifugd Gravity Sopmtor. 

U 





EG&O ROCKY FLATS PUNT Manud 21100-WOOU pzs 
&don ZdLhuYQ 

46 o f 9 3  
Effective Date 
Organhation RPD 

Feed size. The W aze mll be ret at IDIDUS 70 U.S No.,plus 200 U.S No (-212, +75 
uu-)hthemrtulm M j ~ v v l l l b e m d c ~ ~  

Sunplea to detemme the eff'vm of CGS mll be bka~ from t&ee lout~ons, items 
14,15 md 16 as rhomr on Figure 7.3-4. Samples mll be obtuned rad d y z m i  as ducuwed 
mSecban 7 3 6  Asw~th.Uorapplss taken forAWCdyscs, arplttmllbotrkca kRFP.  

7.351 Pmco68 Equlpmeat 

46 



7.3.5.2 Support Eppmat 

3/0-mch 
1/4-mch 
US N o 5  
U S  No 10 
US No 20 
US No 40 
US No 50 
U S  No 70 
US No 100 
USNo 140 
US N0.200 
US N0.325 
PANS 

47 



€ O W  ROCKY FLATS PLANT M d *  21 100-WOQU Q26 
section zJuSuK? 
P8ge. 48 o f 9 3  
Effective Date: 
OfQmbtiOtl RPD 

e 

e 

e GfO80 beta lIbmmtlO11 (sectroll 7.3.3 7) 

pH detmm&m (SeCtMlr 7.3 3 3) 

Gn#r dpha demmumhm (Se&011 7.336) 

e Plutonium 239 plus 240 Qtsrmpnrhoo (ssctroa 7.3.3 8) 

48 



EG&G ROCKY FLATS PIAM Mmud 21 L(zp-WO-OU 02.6 
section zLBmLln 
pme 49 o f 9 3  
Effective Date 
Organization RPD 

49 



W G  ROCKY FLATS PLANT Manud 21 lOO-WO-OU 02.6 
section* zLburQ 
pme so o f 9 3  
Effocthre Date 
Org8llb8tiOtl RPD 

7.4 



EO6O ROCKY FLATS PUNT MMUd 21 JOO-WO-OU QZB 
Section lL&LE!  
Page 51 o f 9 3  

Organhation RPD 
Effective Date 

75.1 AWCchrrrctsrrptMlr Sample 

51 

8 



EOaG ROCKY W T S  PIANT Manual 21 100-WO-OU 02.6 
sectlon zsQwdQ 
Page. 52 o f 9 3  
Effective Date 
OIOMitMiOtl RPD 

52 



7 5 3  Sequa~td PEocsss Equpmmt Tests 

53 



, I  
I 
I 

' I  
1 
I 
' I  
1 
8 
I 
I 
I 
8 
I 
1 
I 
I 
I 
SI 

M6O ROCKY FIATS PIAM Manual 21 lOO-WO-OU 02.6 
section z J L b Y d 2  
Page L o f 9 3  

Organbath RPD 
€ffective Date 

7 6  - 

54 



B 

la 
I I 

0 0  F t 1 

T- 



EGCG ROCKY FIATS PUNT Mnud 21 lOO-WO-OlJ QZ.6 
&ction ZQaILm 
Page 56 o f 9 3  
Effective Date 
Organizatmn RPD 

welght kmtt = 0 002 cl Pu x Mol2 D e l  pu x m  x 1kgcM = 2 x l @ k g C M  
1 c l P u  92pcIPu loo00 CM 

7.7 

1) RPP d r ,  m d  

56 



CONTAMlNATcDMATERlAL 
Mus  145 kg (1 45 X 10'~) 
Plutonium Concmtm!ion 91 7 pCUg 

d 

FEED 
Mw 1450 kg roil (1 45 X log@ 
Plutonium Concontmlon 10 pCUg 
TotdpCt 1 4 5 X l d  

CLUN Soll 
Mur 13OOkg(l90X1dg) 
Plutonium Conemmion 0 0 pCUg 
TdJpCi 1 1 7 x 1 8  

TRUclean Proems 

FIGURE 7.6-1 

ASSUMED OVERALL MATERIAL BALANCE 
TRUclem PROCESS 



- ~~ 

€ G I G  ROCKY FIATS PLANT M a d  21 100-WO-OU 02.6 
section m 
Page* 58 o f 9 3  
Effective Date 
organization RPD 

7.8 

58 



I 

7 9  - 

59 



1 
I 

I 
I 

.. ......... 

I .. ...... .. .... 

".. I 

.. 

.. .... 

................. 

..".. 

.. 

-.. 

.. 

..... -.. ................ 



I 

E 
P 
I 

i D  

i 

! e  
l 8  
P 
I 
P 
I 
I 
I 
I 
d 
SI 
I 
I 
I 

- 

EWG ROCKY FIATS PUNT Maraud. z1~)oo-wP-ou Q2s 
section. atLbL.a 
P8ge 61 o f 9 3  
Effective Date 
Orgmlzation: RPD 

8 0 MAGN€llC SEPARATION 

8.1 J b l 3  of- 

61 



EG6G ROCKY M T S  PUNT Mrnud 21 lM)-WP-OUO2.6 
section abuk&! 
PIoe 62 o f 9 3  
Effective Date 
Organkrtkwr RPD 

62 



I MAGN€llC SEPARATOR I 

DECONTAMINATED SLURRY 

FIGURE 8.2-1 

FLOW DIAGRAM 
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SIEVING AND PREPARED 
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0 2  = 

v t  = 

vt I 

lp00 d - (lo00 ml - 13 d) 
913 ml 

d q  (SSF = 0 3), 

= 1108 p m 6  (or ml) % - 475 

1108 ml - (lo00 ml - 13 ml) 

121 ml 

p_s-zoD 
Assume the volume of mtvlng w&S, Vsw-uw) = 700 ml 

TO &WC 8 20 m t  ~U ITY  (SSF 0 2), 

1 7 0 0 d - ( 7 0 0 d - 3 8 m l )  
lo38 d 

To &eve I 30 parrvat durry (SSF = 0 3). 
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1- bionizod Water 
Va - 121 ml 

FOR 20% SLURRY SOUDS FRAcTK)N 

Skving Wrtor 
V m  =1000ml L 

fOR 30% SLURRY SOLIDS FRACTlON 

skving Wator 
b Vw -1OOOml 

. 
Ovenizemeject Ou.rriro/R0]oct 

ORW-100 = 37 5 g 
ORDlOO =25g ORDlOO =25g 
V o w =  125ml Vow .C 12 5 ml 

FIGURE 8.3-3 
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FOR 20% SLURRY SWDS FRACTION 

- 

Suving Water 
V m  r7OOml 

I 

Ovenizo/Rojoct 
ORW-100 1 1 2 5 ~  WET SIEVING 

200 MESH CORDlOO = 75Q 

Ovomho/Reject 

ORB1 00 = 75 g 
VOW = 37 5 ml 

ORW-100 p 1125g 

Deionized Water 
Va = 1038ml 

FOR 30% SLURRY SOUDS FRACTION 

PU-CONTAMINATED 
SOlL 

Skving Water 
vm =mml 

MAGNmC SEPARATOR 

FIGURE 8.54 
SIEVING/PREPARED SAMPLE 

200 MESH SIEVE 

Doionuod Waor 
Va = 330 ml 
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FEED 
Mut lOOgroil 
PMonium Concontration 10 pWg 
lotalpci loo0 

CLUN SOlL 
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HGMS Procom 

FIGURE 8.6-1 

ASSUMED OVERALL MATERIAL BALANCE 
HGMS PROCESS 



E060 ROCKY FIATS PLANT Mmud. 21 loo-wP-ouQzs 
section &LBs!U2 

Organhation RPD 

Page n of- 
Effecthre Date 

Table 8-1 
Reriduds with Expected Amounts 

87 



I 
I 
I 
I 
8 

I 

EOIO ROCKY FIATS PLANT M m d  21 100-WP-OUQ2.6 
Section L Q & Y a  
Page 88 o f 9 3  
Effective Date 
Organization RPD 

88 



€ O M  ROCKY FLATS PUNT M W d  21 100-WP-OU92.6 
section &Q&Un 
PI00 89 o f 9 3  
Effective Date 
Organhation RPD 

89 



4 
I 
I 
I 
I 
1 
I 

B 
8 

___- ...... 

---̂ _...I- 

............ 

--- - -  - 

............ 

.. 

I.... .. .... .. .. .. 

-".. P .. .... 

............. ....... 

- . .  

I 

I I 

...... .... ...- " 

I 
8 



1 
I 
I 
I 
I 
I 

~I 
' I  
I 
I 
I 

EGIG ROCKY FIATS PLANT Manual. 21 100-WP-OU 02.6 
section i?JL&uN 
PI00 9r o f 9 3  
Effodve Date* 
Organization RPD 

9 0 SOIL CHAIN-OF-CUSTODY 

91 



I 
I 

8 
i 
1 a 

L 

I 



\ 

I '  ' I  
~ ~~ 

EG&G ROCKY FLATS PUNT Manual* 21 100-WP-OU Q26 
secfiorr* lQubYd9 
Page. A o f 9 3  
Hfoctivo Date 
OrOMbaion RPD 

ACGIH, 1990. 

Avars, 1990 

AWC, 1987 

Do% 1991. 

DOE. 1982 

mui, 1990. 

Eaffi, 1991. 

BPA, 1986. 

EPA, 1987. 

Tyler, 19119. 

USDA, 1980. 

w e  1982. 

10 0 REFERENCES 

- , U S l k p t ~ ~ ~ t  of6aergy,RuckyFlrEsPht,Jrme 3, 
1991. 

N a d ,  J D. md Kodm, R L ,'Decoatuntnrttan of Sod Contwung Plutcnuum rad 
-a,' Rocky pI.ts Plmt, RFP-3139 

-Wide Oualit~ &mncc Roiect plap , Rocky Fl8ts b t ,  my 5,1991 

SlWeE m, Tyler, w.s.,Hmdboolt 53,1989 Bdrtrolr 

of wstrv rad phvslcr, Waet, RC.,at d, 63rd Edhon, 1982 

93 



I 

I I-=: Field Smnpling Procedure for Sampling 
Plutoniuni=Contaminated Soils t o  Support - DATE 

v Tests at  Nevada Test Site 
N/A 

OEURYErprrC N/A 

and Los Alamos Nat'l Lab 
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Procedure io addendum t o  Final Field Sampling Plan for 
Sampling Plutonium-Contaminated Soils from Operable 
h, EGLG, 1991. 

. 
muon ( R c u o o f o r ~ - ~ a o m k a  (0 dcrp#ccozrrrpoabmgltcror.bovr) 

Addendum addresses specif ic oamplfng procedure t o  oupport traaiability otudias at the 
Nevada Test Site and the Los Al'hmos National Laboratory. 
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FIELD SAMPLING PROCEDURE FOR SAMPLING PLUTONIUM-CONTAMINATED 
SOILS TO SUPPORT TREATABILITY TESTS 

AT NEVADA TEST SITE AND LOS ALAMOS NATIONAL LABORATORY 

1 0  SAMPLE PROGRAM 

The Find Field Sampling Plan for Sampling Plutonium-Contaminated Sods from Operable Unit 2. Rocky 

Flats Plant (see Volume I1 of this work plan) locates the sod samplmg areas withtn Operable Unit 2 that will 

support plutonium u) soil treatability stdes Figure 1-1 of Uus procedure identifies the four sampling areas 

The southeast samplmg area will prowde the soil to support the TRUclean and magnetic separation treatability 

tests at the Nevada Test Sile and Los A h o s  National Laboratm Thls samphng procedure dehcates where to 

take the sample u) that area and the procedure for taking the sample The sample procedure will result III a 

sample of approxmately 1660 lulograms (3660 Ibs) that will be dwided between Nevada Test Site (87 5%). Los 
Alamos National Laboratory (6 25%). and Rocky FWs Plant (6 25%) 

The sample procedure will requlre splitting the collected soils, therefore, the soils should not be wet or 

muddy A soil moisture content less than 10 percent, preferably 4 to 6 percent, should be sabsfactory This 

requuement wdl need to be considered when scheduling the sample tune A portable moisture analyzer could be 
used to correlate the soil moisture content with the splitting ease of the soil sample 

1 1 Samule Plan 

The am to be sampled will be 60 feet long by 60 feet wide (18 3 m x 18 3 m) and wdl be divided into 

foot by 10-foot (3 05 m x 3 05 m) squares, resulting in 36 gnds Each gnd comer will be identified with a 

10- 

flagged stake The gnds will be numbered numencally as shown on Figure 1-2, with number 1 in the northwest 

comer 

A 10-foot by 10-foot gnd pattern will be made out of rope, The gnd pattern wdl be subdwided into SIX 

equal rectangles (sample blocks) with each rectangle or sample block bemg 3 feet, 4 mchcs wide by 5 feet hrgh 
(1 02 m x 1 52 m) Each rectangle sample block wlll be considered to have a number, 1 through 6, as shown on 

the F i gm  1-2 detall Number 1 will begin in the northwest m e r  There will be one sample taken from one of 
the sample blocks in each gnd This will result m 36 discrete random samples being taken to provide the bulk 

sample 

1 



I 
I 
I 
I 
1 
' I  
I1  
I 
I 
I 
I 

I I 
I 
I 
I 
I 

I 

, 

(I 

.- 
rl 



1 
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7 8 11 9 10 

13 14 17 i a  15 16 

20 23 24 21 22 

27 20 

33 34 

25 26 29 30 

t 
36 31 32 35 

10'4- SAMPLE GRID .- 

SAMPLE LOCATION AREA 



1.2 Documentation 

To document and back sampling activihes and resultant data, the followin 

be followed 

1 2  1 Field Log 

record lceepng procedures will 

Each sampling team will keep a log of all samphng acuvities The information will be recorded in a bound, 

page-numbered journal This journal should contam a descnpbon of all activities related to sampling (equipment, 

decontamination, field tests, etc ), as well as sample locations, sample idenhficahon, dates, times, weather 

conditions, and identificauon of individuals present 

1.2 2 Samulinp Record Form 

To avoid incomplete field logs and to a d  m sample source baclung, a sampling fonn rtqulnng specific 

mfmation on sample collection. field conditions. and sample disfnbution will be completed for each sampling 

event (Figure 1-3) At the end of exh  sampling diiy, the sampling forms will be compared with mfonnation 

recorded in the field log, organized sequentially by gnd number, and placed in  a three-nng binder Samples wdl 

be eferenced by grid number (two digits). block number (one digit), month (two Qgits). day (two digits), and 

year (two digits) e g 21-5-09-1 1-91 

A separate, bound journal will be kept for logging and traclung the samples T ~ I S  log will record the sample 

localion by the project sample IdentJficatlOn number An example of the sample log format 1s shown in Figure 

1-4 
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SOLID SUBSTANCES SAMPLING FORM 

Date 

B O J K r  Tune 
TasA No Sampling Team Members 
Site Locabon 

Sample ID QumW 

SUB STANCE DESCRIPTION 

Sample Type [ 1 Soils 
[ ] Sedments 
[ 1 Other 

Sampling ProcedunslMethods (describe) 

Comments 

General Comments 

FIGURE 1-3 
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SAMPLE LOG 

FIGURE 14 
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2 0 SAMPLING PROCEDURE 

A modified, stratified random sampling method will be utihzed to provlde a representative composite sample for a 
sampling site The procedurc involves the division of the site into 36 equal gnd areas Each area will then be subdivided 
into six subarea rectangles to form samplrng blocks (Figure 1-2) Within each gnd area, a subarea block wlll be selected 
randomly for samplc collection The following procedures will be utilized 

I. 

2 

3 

4 

5 

6 

7 

8 

Define and mark the site as descnbed in Section 1 1 , Sample Plan 

Starting with gnd number 1, roll a &e and record the result next to the gnd number m the block number column of 
the sample log (Figure 1-3) In this manner, a random number 1 to 6 will be generated for each of the 36 gnd areas 

Gnd Number 
1 
2 
3 

Die Roll Result. Block Number 
3 
2 
5 

TaLe the 10-foot by IO-foot rope pattern (Section 1 1) to the gnd area to be sampled Spread the pattern using the 
four comer stdes 

Go to the gnd block selected by the die roll In the approximate center of the block, excavate a 12-inch wide. 18- 
inch long, 8-inch deep (1 cubic foot, 30 5 cm x 45 7 cm x 20 3 cm, 0 0283 m3) section of sod with a stainless steel 
shovel Shft the sample locat~on to avoid heavy vegetation, such as small bushes, tumbleweeds, etc Grass-type 
vegetation IS to go with the sample 
Once the soil sample is removed, the small excavation will be filled by usmg the shovel to grade the sides down into 
the excavauon This will result m II small depression with native soils to enhance revegetation 

Place the soil into a portable sieve box with a 2-inch openmg screen Using the strunless steel shovel, break clumps 
such that only rocks larger lhan 2 inches ( S O  mm) remain on the screen 

Put the minus 2-inch (do mm) matenal into one of two 8-gallon DOT 17H drums and the plus 2-inch rock (>50 
mm) into a thud 8-gallon DOT 17H drum After each 8-gallon drum of minus 2-inch ContaJns about 22 to 23 
hlograms (50 Ibs), take it to the splitters for sample splitting 

An overview of the sample splitung procedure is shown on Figure 2-1 The ovmaew follows one block sample from 
excavation through division mto matenal for the Nevada Test Site (NTS) TRUclean test, the Los Alamos National 
Laboratory (LANL) Magnetic Separation test, and the Rocky Flats Plant (RFP) chemical and mhological tests The 
procedure lo accomplish the sample splitung IS as follows 

Note After every use of the splitting equipment, the pans used to collect the sample sphts and the drums contamng 
the samples will be brushed clean The pmiculate from the equipment will be brushed into the next item 
downstream (e g , splitter particles are brushed into Ihe pans before dumping the pans) 
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8 1 The two 8-gallon drums @mms 8-1, 8-2), containing about 22-23 kilograms (48-50 Ib) are placed into 
the hopper of a Gilson Model SP-0 Mass Splitter or equal, splitter #1, as shown on Figure 2-2 Splitter 
chute width sethngs are chosen to be two or three QmtS the largest particle size, e g for minus 2-inch 
matenid use either a 4-inch or 6-mch setung The sod is leveled in the hopper, then released into the 
splitter, item 0, on Figure 2-2 

8 2  The sample is split in half wth each half falling into two separate pans, one-half flows into pan #1 and 
pan #2 and the other half into pan #3 and pan #4 Each half (two pans) must be spht agam to provide 
identical mater~al for each of the four 55-gallon DOT 17H drums (Drums 55-1,55-2,55-3,55-4) for 
NTS and matenal for LANL and RFP, item 0 Note The 55-gallon drums for NTS are optronal, 
bowever, the type of containers used must meet the requirements of a type A container as 
described m 49 CFR 173 

8 3  The splitmg IS done in sequence Pans #1 and #2 are combined in the sphtter #1 hopper, leveled, and 
released into four other, clean pans (#5, #6, #7, and #8) Pan #5 mated goes to Drum 55-1. #7 to 55- 
2, and the nmaining two (#6, #8) to an 8-gallon, DOT 17H drum (Drum 8 4 ,  item @ The cycle is 
repeated with pans #3 and #4 This time pan #5 matenal goes to Drum 55-3, #7 to 55-4, and the other 
two (#6,#8) are added to Drum 8-4 

8 4 At this point there are five dNmS (55-1 55-2, 55-3, 55-4, 8-4) conlaiiiing basically identical sample 
matensl The material in Drum 8-4, item 0. must be split mto smaller quantities as shown on Figure 2- 
3. item @ The Drum 8-4 soil sample is placed into the hopper of a Gilson Model SP-I Sample Spliucr 
or equal, splitter #2 Splitter chute width sellings are chosen as described in 7 1, e g 3-inch. 4-inch, or 
6-inch Splitter #2 splits the sample in half md discharges mto pans #9 and #IO 

8 5  Pan #9 soil is put into an 8-galIon. DOT 17H Drum (Drum 8-5). and pan #10 soil 1s split in half using 
splitter #2 a second ume, item 0 Pan #9 soil is again put into Drum 8-5 

8 6 Pan #IO s o i l  is split a third time, item @, in splitter #2 Pan #9's contents are placed into a 30-gallon 
DOT 17H drum @rum 30-1) for collection of the LANL magnetic test matenals Pan #lo's contents 
are placed in anolher 30-gallon, DOT 17H drum (Drum 30-2) for collection of the RFT chem~cal and 
ndiological test malerids Note The 30-gallon drums for L A N L  and RFP are optional, however 
the type of container used must meet the requirements of a type A container as described in 49 
CFR 173 

8 7 Soil samples collected in Drum 8-5 are rejects from the LANL and RFP soil sampks In order to 
properly divide this material (and to have virtually identical material in all four 55-gallon NTS drums) 
additional splirting is required, item a 

8 8 The Reject Return Split Pattern, Figurt 2-4. shows the method to divide the rejects into four 55-gallon 
drums Drum 8-5 soils are placed into the hopper of splitter #I, leveled, then released, item a The 
contents of pans #I and #2 are combined in the hopper of splitter #2, item @ The soils are leveled 
released, and split in half Pan #9's contents arc added to Drum 55-1, and pan #lo's contenis are added 
to Drum 55-2 The contents of pans #3 and #4. item a, arc split in  the m e  manner, item @) Th~s 
time pan W's contenfs are added to Drum 55-3 and pan #lo's to 55-4 

8 9 Plus 2-inch matenf collected in Drum 8-3 will be treated idenhcal to the minus 2-mch matenal 
descnbed above with sample splits going to NTS. LANL, and RFP 

9 TIIC above procedures dehneate UI detail the dstnbution of a soil sample from one sclected block in a one 
gnd area Extra 8-gallon DOT 17H drums will be prowded This will allow field p e m ~ e l  to accumulate 
larger samples before splitung if they choose to do so For example, Figure 2-3, item a, Pan #IO contenfs 
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could be accumulated in an 8-gallon drum Then splitter #2, item @, could be fed 22 lulograms rather than 
5 5 hlograms four times 

10 A sample is required for volatile organic compounds (VOCs) using €PA Method 8240 Six samples will he 
taken for VOCs in the following manner 

10 1 The sample a m  is diwded into 36 10-foot by 10-foot gnds There are su( gnds in  a 
row and six rows, Figure 1-1 

10 2 Each gnd row wlll be considered to have numbers from 1 to 6 counhng left to nght 

10 3 A die will be cast and one gnd block will be selected for a VOC sample i n  each row 
The selected grid will be marked with an astensk on Figure 1-3 

10 4 When the sod sample IS bhen from the selected sample block a pomon of the sample 
will be placed in a 40-milliliter vial The vial urlll be numbered as descnbed in 
Section 1 2 2 and placed in a cooler at 4OC 

11 The Final Sample Spht Pattern, Figure 2-3, shows the generauon of the final samples to be sent to LANL 
(Drum 30-1) for magnetic tests and to RFP (Drum 30-2) for physical and chemical tests The contents of 
each of these drums must be thoroughly mixed before any simples are Men The RFP drum should be kept 
cool (4C) 

Standard laboratory mixing, size reduction, and splitmg procedures should be followed Wxing would best 
tahe place in a cube blender Spreading the sample out on a smnless steel plate and manually m~xing the 
drum contents followed by cone and quartenng IS acceptable The RFP will need to extract an "as is"sample 
for determining a total panicle size dstnbution before any size reduction is made to obtain analytml 
samples 

I 
' 1  13 



3 0 EQUIPMENT REQUIREMENTS I 
The equipment requirements to execute the Section 2 0, Sampling Procedure, mclude the following items i 

1 One flat-bed trucl., mmimum 5-ton capacity. 1-ton jib hoist, and bed levelers 
2 One Gdson Comp,any, Inc , Model SP-0 Mass Splitter or equal with nme pans 
3 One Gdson Company, Inc , Model SP-1 Sample Splitter or equal with four pans 
4 One Gilson Company, Inc , Rocker Screen Set or equal with 1-inch, 2-mch. and 3-inch wue cloth squares 
5 Drums,DOT17H 

I Five 5-gallon 
2 Two I 0-gallon 
3 Eight 8-gallon 

6 wo 10-foot by IO-foot rope gnd patterns Each rope pattern wll be suwnded into SIX equal reclangles, 3- 
get 4-inches by 5-feet 

7 Four shovels with stanless steel pointed blades 
8 Two 25-foot tape measures 
9 Four brushes to clean the splitters and pans after each use 

14 



4 0 SAMPLE SHIPMENT 

4 1 Analytical and Radiological Screenine Requuements 

Each sample drum will require a ndiological screening per RFP procedures (Envxonmental Management - 
Stnndard Operating Procedure No 1 13) pnor to shipment offsite The packages must meet the requlrements of 
49 CFR 173 for shipment of normal form ra&oacbve matenal in a type A contamer The pnmary contammant 
of concern IS plutonium which has a normal fonn hmit (A, value) of 0 002 Ci 

4 2 Shiuuin~: I)esbnattOnS 

At least four 55-gallon drums (drums 55-1.55-2,553, and 55-4) will be shipped to the Nevada Test Site 
near Las Vegas, Nevada Chuck Rosenberry should be contacted at 702-295-7090 pnor to shijpng drums to 
the Nevada Test Site The actual shipping address is 

Atteneon h u d  Rosenbeny 
Buildin 18% - Radioiictive h4alends Control 
Nevadn5est Si e 
Mercury, NV 89023 

One 30-gallon drum (drum 30-1) will be shipped to the Los Alamos National Laboratory, Los Alamos, New 
Mexico Larry Avens should be contacted at 505-667-2320 pnor to shipping drums to the Los Alamos National 
Labontory The actual shipping ddress is 

Reqeivin De ,artmen L”y Avens MSE-510 
Samples - Attn 
Budding!jM-!iO BAinr Road 
Los Alamos. NM 87545 

15 



5 0 ANALYTICAL RECOMMENDATIONS 

Each DOE laboratory will have specific andytlcal procedures for evaluatlng radioactive and hazardous 
consbtuents 
radionuclide anlysis of plutonium, the €PA recommneded methods are radmhernisuy Alpha Spectrometry 
using electro disposition techniques or by coprecipimuon on a very small amount of camex, such as latllranium 
fluroide - ALPHA - 605(2), ASTM-D-3972(13) 

It IS suggested that these procedures coincide with the EPA methodology An example would be 

16 



6 0 HEALTH AND SAFETY REQUIREMENTS 

The following EMAD field procedures are to be followed m executmg ttus SOP 

SOP 3 8 Surface Soil Samphng 

SOP 1 1 3  Contamenzing, Preserving, Handling, and Shippmg of Sod and Water Samples 

SOP 116 Field Radiological Measurements 

In addihon to the speclfic requuements of each of the procedures listed above, part~cular attenbon should be 
made in equipment deconfaminrrbon and container surveys pnor to Ieavrng an operable unit rn order to prevent 
inadvertent spreadmg of contamination 

17 



7 0  REFERENCES 

I EG&G Rocky Flats, Inc , Final Field Sampling Plan for Samplinp Plutonium-Contaminated Soils from Operable 
Unit 2, Rochy Flats Plant, U S Department of Energy, Golden, Colorado, July, 1991 
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& 
Date 

w 9 /  
Date 

1.0 

20 

bO 

40 

- 
1 1 The purpose ofthis Mandatd Openavlg Procedure (SOP) io to instruu pensomel In the 

operation of the oravimetnc separator (as) 

1.2 ThefoNowing prooedurewas developed tostandardkettmng ob different SOH types and 
optimize groVimeMc separator settings to obtain the highest level of sdl decontamination, 

icsbllitv 

21 Thb SOP b .ppucoble to all AWC, Inc personnel when performing tests to Optunite GS 
-twls 
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Revision 1 
SOPNo "S 

;R VIM IC P T page 2 '01 I i STANDARD OPERATINO PROCEDURES 

4 2  UI personnel Operating the 0 S on dl samples are resporwible for following this SOP. 

so plocedurQ 
S l  EqUipmentandSupplies 

1. 0-8eperatOr 

2 =gPmcenhitugalpumP 
3 2 - concentrate containers 
4 Aecshrer tank 

5 Water supply tank 

6 Feed Auger 
7. Miscellaneous pping and fittings 
8 stopwatch 

9 Ruler 
10. Concern8 recehrer tank 

NOTE Some expenments may require other pieces of equipment to she the tails 

o r m b t h e f e e d  l3pwhmtcmfig~wUIbedeterminedbythe 

-w~penrlsor 

b2 GtPvfmetric separator operatiom 
1 A descripion oftha op@rational theory and operating variables lo found in 

~ n t f O 1  

2 Mer to OS Run Sheet (Attachment 102) and position 0 5 in the expe-nt 
c o n f i m  TheGS RunSheetcmtainssupenrfsoryiramtbmon8ystem 
con f ig~on  and all 0 s lbeuhgs to be used In the test 1wI. 



STANDARD OPERATING PROCEDURES I 
QPERATlON OF THE GRAVIM€IRIC SEPARATOR I 

8 

4 

5 

6 

7 

8 

8 

10 

11. 

Po$lt&n remaining system components as rpedfied in the Run Sheet and 
connect system piping (Lnd fittings The operator will verffy system configutation 
sal settings by initialing C3.S Run Sheet. 

Add water to wader supply tank 

Start water supply pump urd set Cell 1, Cell 2, hutch water, and dilution water 
to specified values on Run sheet. The Cell flows can be oberenred on the 

lkwmeters ff by Collecting GS d m  in 8 mCreUring COntajMll 
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12 

13 

14 

15 

1s. 

1 7. 

18 

1Q 

20 

a. 

Nate The laboratory supenrtarorrnay elect to place feed h a  feed supplytank 

and mix to a specified pulp dendty 

8tan water mppty tank (or feed rwpply pump) 

start feedat spec#& me and record time on 0 S Rwr Sheet and dilution water. 

Watch colkt~on of water and conantme h collection container and change 
oontainers as required While second contaim is filling, carefully decant water 
ffornfirstcontainerinto recenrer tank Continue attemaUng pmedweforthe two 

containenr until run is complete 

When feed material bs depleted, stop W auger (or feed supply pump) and 
recordt~meonGS Runsheet. 

Continue G S operation until hutch water is dear. 

Wse hutch Mhrss. Stop dilution water 

Remove bed moteriel and steelballs Fobwing remcwal aftha bed matemand 

steel bpfts, ttre balk are separated fmmthe bed materiel uciing a magnet. The 
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ad balls are placed on a cloth bag orequhralent and allowed to air dry prior to 

next run, Determine volume, weight, and moisture content and enter resub on 
Run Shest. 

53 MahltenancePIocedwes 
me lwtlne maintenance schedule forthe GS is wed below 

1. Grease the six (6) pillow Mocks on the rocker arm weekty during operetion 

3 Inspect the two (2) diaphragms monthly for cracks and deteriation 
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l o 0  @a cfiments 

Attachment 10 1 Principles of Operation of the Oravknetric Separator 

~ttachment102y3S RunSheerform 
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PRINCIPLES OF OPERATION OF THE GRAVIMETRIC SEPARATOR 

The Qmhwtfk Sepamttwis designed tocause asepmtkm dmamlals wffh differens 8pscMc gravities 
Ms by flawing erstream d IiquM-sUspended materlal m a  screen andurbjectkrgthe 
wmtenbedatoavlsrticalhydrsulicpulmtbn T h i s p u s e a t i o n " y ~ t h e b e d s a n d e l l o M ,  

the heavier materials to work toward the bottom dthe bed and lighter materlats to the top d the bed 

Heavier merial, oIcocIc(HltTBte, that is finer than the crcreen opening will gradually pass down through 

the beds and the screen Mothe hutch, or h e r  compartment, from which it is usually discharged 

continuousty Wths comemate is coamrthanthe screen, it will work down tothe top dthe shot bed, 
md can be withdrawn intmnlttntly or at the end deach n#r. The Qbter material, or Wing, will flow over 
the top dthe beds and be med overthe end ofthe C3ravbneMcSeparator. 

The GS has wveral VariaMeS WMCh effect the reccwwy d carrtaminated heavy material and thus the 
YlKWnt d contaminaaon r(M1Bkrjns in the tail or decontaminated dl Each of thsse vsriables is 

discussedbekw 

m 
For proper operation It is essensialthatthe putp be deNvgredtothe a s  in wch aform as totlow easily 

over the bed and petmitthe heavy particles to settle The pulp should nu be rothick that the hutch 

water added tothe as will have the burden af disintegrating knnps l h e ~  minimum dilution dthe feed 
will vary belweenthe lhItsd30 to40 percemt Solids by* dependbro ontheviooodty dthe pulp. 
rthepu(pdensity dthematerlalintheas is~kWtherewiabenocranrdingd~~mster iP l8nd 

the resugwill be a largervolume light matersal paoslng Mothe hutch conamam 
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I I 1 

between 1' and 2 depend~ng on the dl characteristics The optimum depth d steel shot is 
drrtemvlnedthroughqwimrMmn. Ingeneral,withfinerfeedsthet~bedshouMbedeeper Asthe 

depth dthe shot is increased, the hutch co1x)BnftElte pIoducedwill bedecmsed in amount and is higher 
hcmmmtbn During extendedoperationsanatural beddhewymkleralsmaydevelopabovethe 
aMicial bed and therefore impact the operation dthe G S by cmatlng a bedwfth an increased epparent 
m e s s  

p & J r  
The hutch water adjustment is made by means d the valve in the hutch water fine The amount of hutch 

water usedwill determine the amount dconcentrate made, and alsothe bed condition on the O S  The 
greaterthe amowrt Os water used, the less 8uC2KK1wIl be felt on the bed, the smaller will be the mourn 
dconcentmte in the hutch, and the higher will be the amentmm ofthe coI1cBntTBtB. The amount of 
hutch water required is usually between 3 and 8 gallons per minute per square foot of G S screen area 

@mkeLemth 

TheeccentnchubontheGS providesvarJaMlityofthestrokesettingsfroml/4~to11/T. fhelength 

d rtroke ig memured at the center d the hutches by mating the drive and measuring the length of 
rocker arm travel. In general, the comer and heavter feeds require longer strokes (between 3/@ and WP) 
and the finer feeds require shorter strokes paween 1/4@ and 9/81 

sQQwams 
fhestrokespe6dcanbevariedbtweenM)and~strokesperminute Typicalstrokefrequendeaare 
around 125 strokes per minute with higher trequendeo requimd for finer feed The hutch water 
adjusrmenZ lengthdrtroke, andspeed d stroke amaN, to actmain extent, interdependent. When the 

length of stroke is diminished, the speed can be Increased and the hutch water reduced Generally, 
Jawer speeds are used with bnger strokes since more rettlingtime is required between strokeis 



I Attachment 10.1 loontl 

STANDARD OPERATING PROCEDURES 
ERATION OFME ORA VIM ElRIC- P R 

SOPNo MS101 
Revision 1 
p p c l e 9 0 f 1 0  

rcKxwnmsndedfortheparoicularduty Alengthdstrokeisselectedthatisrppropriotefarthesiredthe 

teed psrticles, and the Gi S then runs while making the hutch water @ustment. 

No otendard criteria can be mtdbhed for judging ttre bed condfiion dthe O S ,  this is a matter of 
pen#wra(/udgemc#dexercisedbytheoperator,whomwdleamtorecosnbe~corwtitutesapro9erly 
acthted bed and the nght amoM dructlon. In oeneral, & may ba mid in the way of helpful guidance 

that when the bed is property acthmted, It feels koge onthe pulsation stroke Md is ro4 raised in lumps 
orm8sSes at any 
i6 M tfght, because doither hsdtkient activation or partral Minding dthe screens 

when the bed feels lumpy in spas, It is them i n d m  that the bed condition 

To judgethe proper amount dsuction, place S8waI fingem below the top water 8nd in thetop layer d 
thesand bed In this upper layer dsand partidegm &emate lifting ofthe individual psrtider (mt d e  

mass or crust) strould be feh on the pufscrtion stroke, and a definite tightening up dthe particles should 

be felt on the sWon rtroke when the fingers are immersed below the top layer dthe bed, the suction 
cdroke should actually dfpw the fingers down into the bed 
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Page 1 of 10 
STANDARD OPERATINO PROCEDURES 

V//q/ 
Date 

1 0  P 
1 1 The purpose d th& standard Operating Procedwe (SOP) is to hstruct personnel in the 

operat~on d the vemcal Centrifugal bravirtmric S e w o r  (CaS) 

12  Th&s procedure was developed to standatdim operations dthe CGS and to optimize 
operating parameters d the unit. 

20 ADDIicabitity 

21 Thfs SOP is applicable to all AWC, Inc personnel when perfuming tests to optfmke COS 

-gs 

22 The COS operates most effectively on feed meterial eized to minus 1/4’ (6 mm) and 

containing heavy pamcles between ti and 6OOO microns 



StANDARD OPERATING PROCEDURES I Revision 1 I 

4.2 

6 0  erocedwe 

All persotMd performing CGS operations are respomible for following this SOP 

1 

2 
3 

4 

5 

6 

7 

8 
9 

10 

11 

NOTE Some experiments may require the pieces of equipment to s&e the tails 

orscrubthefeed Expmwttconf@mtkmWbedeterminedbytho 

urpenrfsor 

2 Reler to the Cos Run Sheet (Attachnwnt 10.2) and position Cos in the 

6 q M m e t W ~ u r a t i o n .  ThecoSRunSheetcoMai~supervlsorykrsauctiorw 
on system canfiguration and all CGS oetthrgsto be used in tho test nm. 
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9. 

4 

5. 

8. 

10 

11. 

12 

Position remaining system components as speciMd In the CGiS Run Sheet and 

C O N ~ B C ~  system piping and wngs  he operatorwiH verily system amfigumtion 
and mttir&p by wtiallng COS Run Sheet 

Measurespechd quantity of feed maserial and place in feed hopper or dilute to 

tpedfied pulp density (% by weight) in feed tank If feed tank is wiea ltart mker 
and feed pump Md adjust flow to Run SheetqWfbtms by measuring volume 

transferred to a measuring contalmr returning the miaterial to the feed tank 

When llow has been establwhed, turn off feed pump and sieve discharge line to 

Cos hkt 

Start pumpand set bowl back pramre rsspedfhd in COS Run Sheet 

Startftmd and record time on COS Run Sheet. 

When feed material is depletexl, add 10 gallons d clean rinse water tothe feed 

tank or continue Cklution water tlow 

Redub back pressure by 6 psi, hawever, do not $et to less than 5 psi 

Shut off powertothe bowl motor and watch the un& as rotation decmam~ 
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13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23. 



I 

8 

1 
NOTE Owing settling and decantation, the decamation cylinder must not be 

moved or agitated 

2s Repeat decansation  procedure^ for tailings as indicated in steps 22 and 23 

26. Determine volumes, weights, and moiotute content d comemate and Cos tails 
end mer losults on CGS Run sheet. 

20 Return CMnpleted CQS Run Sheet to the laboretory supervisor The laboratory 
supenrisorwill review the resultsand sign/datethe CGIS Run Sheet 

I 

i 1 
1 I 
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6 0  

70 

&O 

0.0 

None 

ronment, Safetv and Health 
71 Verify all guards are in place before operaskrg equipment 

72 Lab coats 0rAnti-C coveralls shall be worn when pmeming Contaminatedsojls 

7 3 See Special PrecautKNlsm on Run Sheet for additional requirements spedfbd by Safety. 
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STANDARD OPERATlNG PROCEDURES 
OPFRATlON OF THE CENTR IFUGAL 0 RAWMETRIC SPAR4 TOR 

PRINCIPLES OF OPERATlON OF THE CENTRIFUW QRAWW SEPARATOR 

The Cas is a gravity separation device which separates heavy partides from lighter host soils utilizing 

~ f o f c e t o ~ t h e ~ p r o w s a  Thefeedmaterialisfedtothebattomda~ 
bawluMch tatategatsulkbntrpeed to produce atorcedupto60 Qs. Aback pressum onthecavity 

behind the bawl is 8knnfty Med through 1/16' holes in the bowl to mainmiin the bed on the inner rurtcrce 
dthe bowl in a semi-fluid smte As the feed material slowty wotlcs ICs way upthe side ofthe bowl the 

heavy materials sink tothe bottom dthe bed and are caught inthe bowl riffles The lighter tails continue 
to work their way up the inside dthe bowl surface and &the Cos The amcewmte which collects on 
the inner bowl riffles can be removedby removing the bawl atxi deaningthe bowl riffles 

Essm5wl 
The quantity d water added or present in the feed must be wffident to ellow mavement of the feed 
materiol acrossthe riffleg dthe inner bowl Typically, a slurry d90% sdrdr, (bywelght) is a good starting 

point for firs! test runs with adjustment to higher solids content if the feed material contains fine partrcles 

e 
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mgy!!! e 
The most critical operating parameter to producing a high grade d ccmmrate and minimizing 
caraaminatiorrhthetailisthebackpressuremalntalnedonthebawl. TheboWlback~ureisvarlaMe 

from 0 0  30 psi. The gensral appmch to opimbing the bock pressure is to #art wlththe higherwttings 

nd reduce the pressure until the ma#imum reccrvery ormin&num contamination h the tail is obwwed 
Fine feed material (below 100 mesh) may require 8 press~e as b a s  4 or6 psito mardmtze recovery. 
Coarse mllterials will requfre pressures of 12 to 20 psi 7he back pressure settings are partlcularty critical 
farrecovery d fine particles eincesettltng mtes of a 510 micron dense particle is on the order Oronty 

rtew cm per minute at a force d 10 

-la Screen Wbrat ion 
Adjustment ofthe frequency d vibrations ofthe shaking screen can be made by first koseningthe set 
screw 0ntheVariaMe sheave on the motor, andthen by turning the outer half dthe sheave Tumlng the 

sheaveinadockwisedirection lncreasesthefrequencydvibratlons fheamplitudedthevibradions 

can be adjusted by loosening the ret screws on the counter weights underneath the shaking pan and 

turning the counter weights Turning the M set counter weights to oppose each other lessens the 
rnplitude d the vibmion and aligning them incmses the amplitude All adjustmencB should be made 
h unall hcrements Always mttghten the set 8cr~ws  alter each adjustment 
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STANDARD OPERATING PROCEDURE 
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1.0 

20 

SO 

40  

1.2 This SOP provides aotandard method fortesting d different soil types and determines 

opimal MQS setthgs to obtafn the highst level ddl  deoocrtaminatlon 

eta!maY 
21 This SOP is PppUcaMe to all AWC, Inc pemonnel when perfomvlno tests to optimfze MGS 

-Ws 



SOP No 

mlL'iLofA 

=& AryE A W O P n p y  

STANDARD OPERATING PROCEDURES 

6, 

7. 

8. 

9 

10. 

11 

12 
1% 

14 

15 

16 

2 
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I SOPNo NTS 104 I 
STANDARD OPERATINO PF I 

s Podtm remaining system cOmpOnends os rpedfied on the Run Sheet and 
connea system prping and fittings The operator will VerifL system ~ u r a t i o n  
and setdngs by hltialing MGIS Run Sheet. 

4 Set angle of tilt as spedfied on Run Sheet. Thetill angle b.d/usted by wowing 

pfacing astmght edge on the horizontal frame dthe MGS and determining Mt 
angle with B level, or by using tilt angle indicator on the MGS 

thetwofrontteetboftsupordown. Theangleobtihcanbedeterminedby 

S Set rctational rpeed of drum to qmc&x&m on Run Sheet. To change 
mtdonal speed tkst r e m e  tension on the drive V belt by slackening damp 
bogon motormoumng plate RemoveV beltfrwn motor pulley Siackentpper. 

kdr fitting securing drive pulley and remove pulley from motor shaft Slide 

required pulley onto motor shaft 
160rpm = 75 mm pulley 

2oofpm = 9ommpulley 

240rpm = 112mm pulley 
Replace V belt Turn barge shake drive pulley until shake b at center strdce 

Adjust position d motor pulley on shaft until V belt is Cortectty lined up Tighten 

taper lock titting Re-tensh 1p beh by pressing down on motor and tightening 
morOrmountlng~~dampbdt. 



7. 

8 

9 

10 

11 

12 

13. 

14 

15. 

Measure spdfied quantity of feed material and mk in feed tank to pulp density 

indicated on Run Sheet 

8tart mker to keep solids suqmcbd 

Stop feed pump when 8pedfwflOw has been mabMed. 
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16 

1 7. 

18 

19 

20 

21 

22 

Carefully watch the two collection cocltainers under the MGS and switch 

Cwnainers, as requtred, empyingthefuH retrieved containers into their respective 

recehrertenks 

Shut dffeed pump and wash water 

Shut off MGS 

Transfer remaining collection containers to their respective mcedver tanks Rinse 
COnQaint~i thoroughly to mure  transfer d contents 

Transfer concentrate receiver tank into the decantetion cylinder 



a0 

7.0 

23 

24 

25. Prepare samples deach streamforradioar=thre assay Record r6sutts of assay 

OnRUnSheet. 

26 Retum the completed MGS Run Sheet to the supenrtsor The eupenrisOr will 

review results and sigNdatet the MOS Run Sheet. 

None 
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BO 

la0 Bachmentg 
Attachment 10 1 Principb d OperatKKI dthe MuttiQavlty Separator 

Attachment 10.2 MQS Run Sheet 
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PRINCIPLES OF OPERATlON OF THE MULII-GRAVITY SEPARATOR 

. 



II 
E 

The most important VariaMes govemingthe opetafion dthe M a  are the rotattonal speed dthe drum, 

-shake intensity, the wash wader flow rate, the angle of tilt, the pulp denshy, and the tkm rate dthe 
kedsbmy Eachdtheseoperatingparametersarediscursedbelaw 

TheroCsbonalrQeeddthednrmaffec#rtheoperationdtheMOsIntwoways Anbrcreaseincpeed 

multsiirst In an increase in the flowrate ofthe slurry In m axial directmi tawardsthe tailings end dthe 

drm Secondly, It increases the inertial mass d the particles, reinforcing their tendency to pin to the 

dnm wall and form a d i d  layer 

1 
1 
1 
I 

shake Mensky 

Shake frequency is adjustable to 4 0,4 8, and 5 7 cycles per second Amplitude is adjustable to 127, 

190, and254 mm Shake is applied In an axial directbn wlth a sinusddal wave torm Expieme has 
dKMnthat a high shake frequency is best used with a small amplitude, whereat at kwerhquedes, 

laroeramwJ--preferpMe 

The ellea d shake is to knpart an addlmal shearing action on the partlcleswhich eids the sepantlwr 

proceso. Withincreasedehake IHtenslty concendrraeconcerrtraUonincrease9, howem, concentrateCQITyl 
OVBT into the tails will plobably be higher 



STANDARDOPERATINOPROCEDURES 
7 OP S P  T R  

YmWat er Flowrat e 
Washwaterisedded dosetotheconwntme -end dtbe drum Itwashes over and clearrsthe 

-ebycanyingawaypartidesdEIengue(kwerdensltg(minerel)-bymQloullhiw- 
ofthescrapem Washwaterfbvrateisanimportantfactorgovemhrgconcentrate~ hrhouldbe 

noted that washwater mquhmmt will also depend on feed pulp density A higher tlowrate will be 

required where feed pulp density is high 
Washwater flowrate is adjustable between zeroand 10 liters per minute by means Osthevahre below the 

rotameter. The quantity of washwater required is normally similar to the feed nowrate 

Revision 1 
page A 12, 

lncreasedwashwater ghres a deaner concentrate (densettadion), but also results In lmmasod kwr d 
dense material to tailings (kw density fraction) Solids d kwer spedk gravity usually require leas 

washwater than materials with higher speck gravity or co8ne solids 

m l e  of Tilt 

The angle between the drum axis mjthe tmrizontal (angle of Un) may be adjusted between 0 and 6 

degrees the angle used wfll depend mthe raaruredthe materialtreated, fine kwdensfty mined will 
require a shallow angle, coarse or high density mineral will require a larger angle increasing tllt -18 
wUl incmasethroughput a Uttle, but too large an increase will tend to reduce heavy particle recovery 



L 

AttaChment101(ooMl 
SOP No 
Revision 1 

A W C o n p r r y  

STANDARD OPERATING PROCEDURES p a s e 1 1 0 f A L  
ERATION OF M E  M U L l l 4 R A  W SEPARATOR 

-- 

L 

I"  



I 
I 
I 
I 
8 
0 
1 
I 

I 
il 

Attachment 102 
SOPNo M'S104 
Revision 1 

Am 
A W O a n p y  

- g e A L o f l L  
STANDARD OPERATING PROCEDURES 
ON Of THE MVL TteRAMN SE PARATOR 



7h h t  
Date 

1.0 

20 

a0 

- 
1 1 The purpose dthh Standard Operating Procedure (SOP) is to instruct personnel in the 

openaion d the trommel 

12 This SOP prwidesastmdard method for tegbno d Merent roil types and dedermines 
optimal setthgsto obtain the highest level d rdl chontamimlon 



STANDARD OPERATING PROCEDURES 
FRATION OF TROMMEC 

8. 

9 

10 

1 I. 

12 

la 
14 

NOTE 

StraishwP 
Ruler 

F d  auger 

Oversizemeivwtank 
Tilt angle 8hims 

olscharge mceimr tank 
8cale (0.100 fbs) or equivalent 
Sorne expenmnts require aher pieces d equipment to treat the tails 
Experimental configurations will be determined by the ulpenrisor 



STANDARD OPERATING PROCEDURES ~ 

OPERATION OF TROMMEL 

2 

8 

4 

5. 

6 

1. 

8. 

0 

la 

Refer to the Trommel Run Sheet (Attachment 10 2) and position the trommel In 

the experiment configuratm The T~~nmel  Run Sheet contains laboratory 

usedhthet0StNn. 

urpenrisoty instnrcsionson system configuration and alltrommel stmings to be 

Podtion mmahing system umpxmts as spedf&d on the Run Sheet Md 

connect system piping and fittings The operator will verify system configuration 

and settings by initial~ng Trommel Run She@ 

Set angle of tilt as specified on Run Sheet The tilt angle is adjusted by elevating 
the two feet on the disch8rQe dde d the trammel The angle of tilt can be 

measured by placing astraight edge on the horltontal bradng bardthetrommel 

Md determining the tit angle with a leve) Bnd ruler. 

Place receiver tank at discharge oftrommd and ovwstze receiver tank at oversize 

Start water supply pump and adjust water flow to value spedsred on Run Sheet. 

fhe now rete is determined by m e a s u ~  the trommd discharge dume in I 
meesuring container or uslng flowmeter reading on water inlet #ne 

Position feed hopper at trommel opening 

Weigh feed material as specified on Rwr Sheet and bad in hopper 



STANDARD OPERATTNG PROCEDURES 
ERATION OF TROMMEC 

11. 

12 

13 

14 

15 

16 

17 

18 

start water supply pwnp and trommel 

start W auger Record time on Run Sheet. 

continue- rartllf0edisexhausw Record timeteed is exhalst@don 

RunShW. 

Continue water supply and trommel operatkm until trommel discharge water 
clears 

Stop bommel and water supply 

Determine volumes, weights, and moisture conten! d the two streams and record 
on the Trammel Run Sheet 

Prepam samples of each stream for radioactive assay Record resub d assay 
on Run Sheet 

Retwn completed Run Sheet to laboratory supenrisor 
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STANDARD OPERATING PROCEDURES 
OPFRATlON 0 F TROMMEk 

b O  Qualitv Control 
NOne 

7.0 EMm ment. S8kt-v and Health 

7.1 Verify all guards are in place before operatug equipment. 

72  Keep dear of M n g  ttommel drum dwing opetation 

74  886 'Special PrecauhW on Run Sheet for add&(onal requirements specified by Safety 

ao pec~ds 
the following documents am maintained as Quality Records 
0 Trmmel Run Sheet 

0 proiea Losbook 

go Referencq 
None 

Attaduneno 10.2 lrommel Run S M  form 
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STANDARD OPERAllNG PROCEDURES 

PRINCIPLES OF OPERATION OF TROMMEL 

Thetrrnnmel is a screening/scruMhg devkewhich is used to scrub soil and dMdethe soil into two size 
trsctbns (+ 1/8 inch and - 1/8 inch) Thetmwnelcolrtoins a mating dnnn which is dMded into two 

#)o consistingdanendoeredocrubMng drumandacylindrkal~ Aspray baris located W e  

the entire length dthetrommel drum towash the soil as ttfwemesthe length dthe drum The soil is 
lnrroducedinrheendofthescrubbingsectiorrdthetrommeldrum~Yis~~toacontlnuous 

waterspray The rotation ofthe d m  mkesthesoil and breaks up sdi dods As the 8011 travels down 
the tr#nmel drum M n e  & passes into the scmning swrion where the minus 1/8 inch soil partrcles fall 

throughthescreen Md are collected hthe dischqechute Th, plus 1/8inch Odl particles continue 
through the screen section and are directed into the oversize chute for cdlection 

B!mmE 
An increase in the water flow irmases the presswe a! whkh the water is delivered a)ainrrt the 8oil 

par\icles in thetrommel drum and incmses the suspension and sepmtlon dthe finer WI partic(esfrom 

the coBss81 partick In gmeral, allow which sufficiently scrubsthe finer paftsfrwnthe coarse panides 
and results in a desired pulp density d the minus l/8 inch trpabn b the ideal tlow 

Ewms 
The feed rate determines the cleanliness dthe oversize dkharge An excessive feted rate may 
Ov(#CrOwd and blind the ween by trapping fineg with the ovsnite 
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TROMMEL RUN SHEET 

ktlrl# 

Dmc 
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Date 

SOPNo 203 
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10 

20 

a0 

~olicabil& 

21 This SOP is appticatrle to all AWC, Inc. personnel when performing tests to optimke 

a t t t i t i onscn rbber~  



STANDARD OPERATING PROCEDURES 
OPERATION OF THE A l l R  VION SCRUBBER I i SOP No- 

Revrsion 1 
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4 1  

4 2  

4 3  

4 4  

fhe~~~upervisorisresponsiMeforesswrngthatall persoMPela~wtgnedthetasks 

mMed to attdtm mbber  operations are famular with this SOP, that they me trained in 

this SOP, and that a controlled copy dthb SOP is available tothem 

The laboratory wpenrisor is tesponsible for determining experiment configumtiw and 

establ is~ all run parameters 

The laboratory supervisor or his designee mews all run sheets and logbook entries on 

at l e a  a weekly basis 

All personnel operating the attrition scrubber on soil samples are responsible forfollowing 

this SOP 

5.0 P m d m  
51 Wion Scrubber O~erat ion 

1 Adescriptiondthe 

Attachment 10 1 

2 Refer to the Attritfon 

operatlonal theoty and operating m b l e s  are found in 

Scrubber Run Sheet (Attachment 10.2) and position the 

attriton mbber  in the expemmW configuration The AMtion Scrubber Run 
$heetoonQa[nslaboraaory~instructionsonrystemconfigurationand 

all attrition scrubber settbgs to be used hthe test run 
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O M R  

SOPNo 203 
Revision 1 
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4 

5. 

6 

7. 

8 

9 

10 

11 

12 

13 

Set hpeuetspeed tovalue speclfigd on Run Sheet. The speed is adjusted using 

thevan-pitchmotorsheaves Increasingdreavesbe~~ropellerspeed 

Weigh feed mated as specffied on Run Sheet, add to feed supply tank, and 

adjust to pulp density to hdlcraed value on Run Sheet. 

Start mbrer 

Start feed pump and adjust flow to Run Sheet specifications by measunng 
volume trarrsfened to a measured container and return to feed tank When Run 

Sheet flow hias been established, turn dl pump and secure discharge lrne to 

PtMaiOnscnhbrinlet 

Start feed prmpandr8cordtitneon Run Sheet 

Continue atbition mbber operations, until feed supply is exhausted Add water 
to feed tank to flush feed material through clttrition scrubber Continue flushing 

UMil w8ter mrts to dear at dkchiar$e 

Stop feed pump Record stop t~me on Run Sheet. 

Drain remaining volume in attrition scrubbw md transfer to receiver tank. 



STANDARD OPERATING PROCEDURES 
OPERATlON OF THE A’ITRITION SCRUBBER 

SOPNo 203 
Revision 1 
Page4of -g-  

14 Determine volumes, weights, and molsture content of !he discharge stream and 

record ti)8ults on the Attrition Scrubber Run Sheet. 

15 Prepare samples ofthe dischafge stream for radioactive assay Record results 

dcrssayonRunSheet 

NOTE laboratory supervisory k.lstructions may require sieve analysis ob discharge 

stteam or retention for further treatment before analysis in steps 14 & 15 (see 
spedallnstnrctions~ 

16 Return completed Run Sheet to laboratory supervisor 

5 2  paintenance 
1 After initial 85 hours of operation, drain and flush the reducer When draining, 

inspect far metal deposits, sludge, water, and other foreign material (Refill wlth 

Mobilgear $36 ar equivalent.) 

2 Repeat draining, flushing, and inspectton every loo0 hours d operanron 

3 Periodically check dl level when reducer is stopped Oil b e l  shwld be 
mainta~ned at center d oil level gauge Do not overfill Overfilling interrupts 

pumpi~octKm~mMdgearMdceucresavemeating 

6 Record ma~ntenmceecthrfticw hthemPintenancesecklon dthe project logbook. 
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STANDARD OPERAllNG PROCEDURES 

6 0  

70  

8 0  

90 

10 0 

7 2 Lab coats or anti4 dothing shall be worn when processing contaminated soils 

7 3 See Bpechl Precarrtions' on Run Sheet for additional requirements specified by Safety 

Records 
The fdiowmg documents are maintained as Quality Records 
a AtWtlon Scrubber Run Sheet 

a Pro$CtLog~k 

plttachmentq 

Attachment 10 1 Primpies d Operation of Attrimn Scrubber 
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STANDARD OPERATING PROCEDURES 
OPERATION OF THE A TlRITlON SCRUBBER 

PRINCIPLES OF OPERATION OF ATI’RmON SCRUBBER 

The attrhion scrubber has semral wmbleswhich e4fect the scrubbing tachon dthe Bztrition scrubber 

Each of these variables are descrfbed below 

pub Density 
Adjustment of the pulp denshy is made by addition of water to the attrition scrubber feed There is a point 

at which the flow characteristics of the sluny in the machine changes markedly over a short range of pulp 

density T ~ I S  range is known as the%ontrol range* At densities above this control range, the pulp 

tank, which ovenurn 8s they m e r  the impeller zone or vortex. There is very little turbulence or kregularlty 
evklentanthesurface 

appears to have viscous qualities end takes the form of smooth wBv88, muting from the comers ofthe 

Below thfs ‘control range’ the fbw is tubulent, there may be considerable splashing, the sluny may spin 
rapdly in the space between the bnpeuertipa and the tank walls Cirwletion d pulp through the impellers 
iserraw and not podthre TypJcally, the Contrd range for dean riltm sand with a size range ob so0 to 

I50 microns is about 70% SOHdg by weight, while sand with a large percentage d chy8wrrr be arwnd 

65% Wds by weighs. 
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STANDARD OPERATING PROCEDURES 
9PFRATlON OF M E  ATIRJVON SCRUBE R 

Feed Rate 
fhe rate at which the slurry is fed tothe attrition scrubber determines the rcHl(lth d time the material wdl 

be submitted to the scrubbing action. The optimum feed rate is determined by axperimentation 
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STANDARDOPERATlNGPROCEDURES 
OPERATION OF WE SPIRAL CLAS SlFlER 

1 .o 

20 

bO 

PurwSe 8nd 8- 
1 1 The purpose of- Standard Operatmg Procedure (SOP) is to instma personnel In the 

ope- d the spiral dassffier 

1.2 TNS SOP was developed to standardke testing d dRFerent soil types and ophnke 
twings to achieve dewatering and deconsamjnation d the larger size soil fractions 

icability 

21 This SOP is appliceMe to all AWC, Inc personnel when performing tests to optimize spiral 

- r = t w P -  



STANDARD OPERATlNd PROCEDURES 
OPERATIO N O f M E S  PlRAL CIA SSlFlER 

SOPNo 301 
Revision 1 
P a g e 2 d 9  

40  

41  

4.2 

4 3  

4 4  

The laboratory wpenrisor or tus designee rewews dl run eheet Md logbook entries at 

least on a weekly bass 

Ail personnel operating the spiral cksifii on soil samples are responsible for following 
this SOP 

5.0 Procedures 
5 1  Sdral class Mer Omrat ion 

1 A descrlpHon d the operating theory and operating variables are found In 
Att8dlment 10 1 

2 Refer totheSpiral Classilier Run Sheet (Attachment 102) and position thespiral 
cbssifiir in the axprimem amfiguration. Rle Spiral Classifier Run Sheet 

contains~cnysupenrIsoryinstnrctiorwmsyruem~gurationandalltpiral 

classifier settings to be USBd in the t6st nn. 

3 Position remaining system caqxnem 8s 8peciMd on the Run Sheet and 
connect system pping and Wngs. The operator will verify system coMgmtm 
end semngs by hrltieling Spiral ClassMion Run Sheet. 
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SOPNO 301 
Revision 1 
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4, 

S 

6 

7. 

8 

9 

1 0. 

11 

12 

13 

set weir hei$m to value tpeclfied m Run sheet The weif tw$tlt b 8et by 
removing wadding wood weir Mocks tothe dkharge dthe spiral dassilier 
Qool 

Weigh specified quantity dfeed material, place in feed tank, 8nd mbc to pulp 
density indicated on Run Sheet. 

Start mixer to keep solids suspended 

Start feed pump and adjust feed rate to flaw 8pecUbd on Run Sheet The feed 

rate is detetmined by collecting feed in a measured container and returning it to 

thefeedtank 

Stop feed pump when specified flow has been eaablished 

Start feed pump and note time on Run Sheet 
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SOPNo 301 
Revision 1 
page 4 of 8 

14 

15. 

16 

I? 

18 

19 

20 

Clean mmahing solids from bottom d spiral dasstfii and tfansfet to oversize 

recehrer tank. 

Determinevdumes, wetghts, and mdsturs content ofthe stntams and record on 
Spiral clessifier Run Sheet 

Prepam samples of each streamforradioscMre tmxy Record mutts d 

on Run Sheet. 

Return the completed Spiral C W i r  Run Sheet to th@ laboratory supendm 
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OPERATION OF THE 8 PlRAL cuss IFlEq P e s e A d L  

60 

7.0 

8 0  

0 0  

10 

L 

NOtW 

NOIM 

Attachments 
Atmhmmt 10.1 Prindples dopemion af spiral c48siw 

Attachment 102 %phi classitier Run M form 
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STANDARD OPERAnNG PROCEDURES 
QPERATION OF M E  S PlRAL CLASSIFIER 

PRINCIPLES OF OPERATION OF M E  SPIRAL CLASSIFIER 

the pad area permits partrcles hqerthan the separationsize to settle depending on the denshy, shape 
dthe pamde, turbulence, density, andviscosity dthe duny within the pool. The smaller particlestravel 

with the undersize uuer the weir, while the m k e  partides which sink to the bd!atn dthe pool are 
elevatedtothe discharge by the auger 

Auaer Smed 

The speed d the auger in the classifier determines the amount Os agltatjon in the pod This amon 
oberoses the water and undersize pattkles WMCh rice in the pod and report to the undwsize 
stream. Inmasing the speed ofthe raking mechanism incmasm agitation, and thus lncmams the rbe 
dthe panicles reportine in the underskefkw overthe pool weir. 
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SPIRAL CLASSIFIER SPEED 

WEOSTAT SETnNQ AUGER RPM 

6 

12 

10 

25 

31 

37 

44 

48 

48 



STANDARD OPERATINO PROCEDURES 

1 .o 

20 

3.0 

- 
1 1 The Qrrrpooe dthis standard operaring PIocedwe (SOP) Is to jnstmct personnel in the 

USB d the hydrocyclone test unit 

1.2 The following procedure was developed to smdardbtesting dcrmererrt soil types and 

oplmize soil feed sizing for the TRUdean systems 

AoplicaMlttv 
21 This SOP is .ppHcaMe to all AWC, Inc personnel when performing tests on the 

hydrocyckmtestwdt 

22 The hydrocycJonetest unit will perfonn $0 cut points from 2 to S microns, 3 to 6 

mkf'On& 5 to lOmi#ons, Md 15to4Omi#orrs 



STANDARD OPERATINO PROCEDURES 
OPERATION 0 F HYDROCYCLONE TEST UN IT 

8 Mixer 

9 35 gpm centrifugal pump 01 hydrocyclone test unit pump 
I O  M n  piping and fittings 

44  All personnel operating the hydracyclone test unit on soil samples are responsible fur 
following this SOP, 



STANDARD OPERATlNG PROCEDURES Revision 1 
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3 Position remaming system components as specffied on the Run Sheet. The 

operator will verify system configuratron and mttings by initialing the Mu Run 
sheet 

4 Attach required size cyclone tothe HTU os 8 p d f i e d  on Run Sheet. 

5 Weigh specdid quantity of feed mated and mix in feed tank to pulp density 
indicated on Run Sheet. 

NOTE Feed merial must bescreenedto less than 300 micronewhen uslngthe 

10mm hydrocyclone or lessthan lo00 microns ilrrcsingthe one Inch and 
two hch hydrocyclone 

6 If feed material is already in crlwry fonn adjust pulp density to Run Sheet 
spedfkWns by adding OT removing water from- feed m& 

NOTE The minimum volume of duny required for a test b 5 oallons (20 hers) 

However, highervdwnescanbeaccommodatedbytrrrnsfeningmaterial, 
as required, from the feed tank tothe HTU to maintain the 6 gallon 

minlmumvdume 

I 



STANDARD OPERATINO PROCEDURES 
OPERATION OF HYDROCYCLONE TE ST UNIT 

9. 

10, 

11 

12 

13 

14 

15 

Start mixer in feed supply tank. 

cominue to recycle test volume in HTlJ through the bygass for afew minutes to 

temaveanytrashftomthefeedpulp 

Open hydmcycJone feed d u e  and partialty shut bygass valve until hydrocyclone 

pressurn gauge registers operatrng pressure indkated on Run Sheet. Nate time 
on Run Sheet. 

NOTE The werflow from the hydmycbne can be dnrerted directly to the 
ovBlflow receiver tank I'M underflow is collected in the underflow 
container 



STANDARD OPERATlNGl PROCEDURES 
OPERATION 0 F HYDROCVCl ONE TEST UN IT 

16 

1 7. 

18 

19 

20 

21 

22 

Add Jurry from feed tank to HN sump, as required, until feed supply is 

exhausted Shut M mixer just before transferring last butch of teed to HIU 

wmp 

Weigh beakers d &wry collected in Step 14 and record weigM on Run Sheet. 

Mow solids in beaker to settle and record volume d rohds and volume dwater 
on Run Sheet. 

Prepare samples d each stream for radioactive assay Record results d assay 
on Run Sheet. 



STANDARD OPERATING PROCEDURES 

6 0  

70 

ao 

5 Record all maintenance actMtles in m a i n t m  w d o n  d project logbook 

gmronment. safetv and Heatth 
7 1 Verify all guards are in place before operating equipmew 

7.2 Lab COBSS or antic clothing shall bewomwhsn plocessinEI contaminated sdls 

7.3 See 'special Pr-' on Run Sheet for ddttional requimments rpedfied by Wety. 
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STANDARD OPERATING PROCEDURES ~ 

PRINCIPLES OF OPERATION OF HYDROCYCLONE TEST UNIT 

Thetdsawing discussion desalbesthetheoly dahydrocyckm to o#ain a *cut point. which is defined 

asafmintwhere 50% da particular size abovethe cut poirawill reporttothe underflow and 6096 d a 
partide ske will report to the OYBC1JOW Feed slurry enters the hydrocyclone tangentially undw presswe. 
h a result dthe higf~ centrffuoal forces, pamcles wimer than the *cut point' migrate into a psbnary 
vortex adpcemtto the wall and move down toward the diduwge spigot with a u118Lu vdwne d water 

Partkbs finer than the 'cut poW migrate into a 8ecmday upward moving vortex in the m e r  d the 

hydroqcbm and ex# into the vortextinder into the owflow spout. 
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The most obvious effect of changing outle! drameters istovatythevdumetpUt A reduction InoVeAaw 
ordlet diameter leads to afiner cut poht, a sHgMty leas sharp cut, a lower undertlow denslty, and an 
increase in volume split and solids recovery to undetflow 

U 
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STANDARD OPERAnNG PROCEDURES 
OPERATION OF FEED A UGER 

1.0 

2 0  

a0 

4 0  

60PNo 202 
Revision 1 
Page f of 7 

1 1 The purpose d this Standard Operating Procedure (SOP) is to instruct personnel in the 
operaNonofthefeedauger 

1.2 This SOP provides a standard method for metenng soil bno the TRUdean components 

rspediiitates 

!bcm!aY 
21 This SOP is OppUcaMe to all AWC, Inc personnel when performing tests using the feed 

auger 
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STANDARD OPERATING PROCEDURES 
OPERATl ON OF FEED A UGER 

SOPNo 202 
Revision 1 
Page a, of f 

4 6  The Project Health Physicist wll evalua!e aiirbome cordaminatton hazards and advise 

eQecial ptecautions 

SO procedure 
51 Feed r Omrat ion 

1. A degcripth &!he operatianal characteriotics dthe feed auger are found In 
Au%chment 10 1. 

2 Refer to feed Auger Run Sheet and pasition feed auger in the expetrimem 

configuration. The Feed Auger Run Sheet contains laboratory s u p e m  
lnstnrctiorw on system configuration and all feed auger settings to be used in the 

testrun 



STANDARD OPERAlWQ PROCEDURES 
9PEwn ON OF =ED AUQE R 

S 

6 

7 

8 

9 

1Q 

Retain materipl which does nat pass through the W48scrmn on the hopper. 
Determfnevok#ne, weigtrt, and mofsturecontent(ltsppUcPble) and recordas + 
3/4* on Feed Auger Run Sheet 

Set rheosm for desired feed rate Mer to Anacbrmnt 103 (Aueer Feed M e )  
to obtain required setting for feed rate opec#iedon Run Sheet. 

-feed %uger and record time on Run Shset. 

NOTE watch delhrery ot feed material from feed alJQe$ If feed 8upply 
is intermped use awood dowel to break cavity formed lrom 
material brldging h bad hopper 

When feed has been depleted, shut Mfmd auger and record time on Run 
Sheet. 
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7.3 See 'Special Precautions' on Run Sheet for add- requhements 8pCMed by Safety 

Records 
The following documents (v8 maintained as Quality Records 
0 Feed Auger Run Sheet 

0 pIoiectL0g- 

NOfW 

Altachment 10 1 

Attachment 102 

Attachment 103 

Prlndples d Operating Fwd Mgew 

Teed Auger Run SheW form 

'Auger Feed Rate@ table 
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AUOER FEED RATE 

warn 
7s2 

694 

w 
31 1 

273 

226 

1 5 8  

7s 

r&m 
0 371 

ow3 
0279 

0 154 

0 1 3 5  

0 111 

0 078 

0 037 

*Based on density of 265 gm/cm3 
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APNo AWC3 
-A 
pas9 1 dAL 

W-E 
The purpose of thfs analyticsl procedure (AP) Is to Wruct laborraory personnel h the methods 

used for determining the bulk density d soil samples 

CIPPUCABIUrV 
Thto AP applles to laboratory personnel involved h soil analysis .ctMlb In which the bulk denshy 
mustbedet- 

3.1 p j  
WeigM of dry sdf per unit volume includrng the pore space. 

= a 2 4  
A relf-adherlng piece of earth collected may from any digging shear face 

CAVnON Impermeable Nbber glovw must  be^ worn during all pmcedum knroMng roik 
8uswcted to contain mdion-. 

RESPONSIBIUTIES 
7780 laboratory 8upewisof b responsible for owuring that a# personnel aawlgned task8 related to 
this AP are familiar wlth this AP, that they have been mined In thls AP, and that a controlled copy 
of this AP is available to them. 

All perrronnel perfmfng bulk density determination are responsible for foUowing this AP. 

, 
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50 $ROCEDUR E 
Q!s!am 

Density b defined aswelghtper unitvdume and b exprerwed in unb dum?. The bulk derwity 
of a soil is defined as the weight d dry soil per unit volume tncluding the pore space For mineral 

uAIs, bulk density generally ran~es from 0.6 to20 g/d. With hn=reeshg organic mastet amtent, 

8oh generally exhiblt a decrease in bulk density became organic rnattw has higher porostty and 

kwer derwiry than mineral particles dthe same diameter. 

The clod mettrod is the primary method for detminlng bulk densfty. where pomIMe, three 

replicate dod samples u e  extracts from each hwizon. The avefege bulk denshy of the 

mplicates b assumed to be the bulk d e w  of that pattlcular horizon. Anelysk of the ckds b 

based on the method described in the USDABCS (1984), )<em and Lee (1989), and Kern at rl. 
(in preparatiolr). 

Two alternate methods are also presented for dl horizons that fail to yiekl Mtistactory dods 
One rnethod is volume replacement (VR), a method similar to one dectlbed by FNnt end ChMs 

(1 984) , which utilizes a known volume of small foam beads packed into a cyander to raplace a 
selected volume of soil excavated from a given hwiron SuMra;cting the initial from the find 
vdume yields the estimated volume of sample collected The other method k 8 volume filling 

method that b usetd if the clod or VR methods do not produce representahm sampler, The 
vdwne ot thls type of  sample^ is based on the absolutevohrme of a 2SO-rnL beaker, WMCh b a 
cocwtant 300 mS fhe known volume m @ m  ere pmceswd in a mannerrimNarto the method 

desctlbed in Blake (198s) Whenever possible, use the clod method, 

l!ma!ma 
EvapWating dishes used in the clod method must be thoroughty cleanod after each use, as thdr 

weights are pre-detemhred and used in the calculation d muk If soils am suspected to 

contain radionuclides impermeable gloves must be UOBd when tmsfening the dishes from ocw) 

kcation to Motht#. 
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61 SWllD le collection. Ptesenrati on. and Stma e 
clod samples are fist-sired, stnrctrrrelly intact, bulk density samples taken from 
designated horizons In the field, each dod is wrapped br a hairnet and dipped br(efty 

in a 1% Sammacetone solution to help maintain the dod structure and reduce moistm 
kssfrom the clod durblg transport end storage. Each clod is labeled, covered by a small 

faces 
plasuc bag, and placed in a dMded box. Clod8 mWt be cdlected from 8hear 

APNo AWC2 
Revision 0 
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I<mrwn volume bulk density samples are taken from horizons where dods are 

unobtainable There are two types of known volume samples, volume replacement and 
votume filling samp~es nese bulk density satnp~m are paclcaged ~n small, prdabeled 
plastic b8gS 

5 2  EauiDment and Su~dies 

a 1  pmamm 
The following i tem are used In both the dod and volume methods 

1. Drying oven or convection  over^, I available. 

2 Desiccatoranddeskcant 

4. Forceps. 



The following add- apparatus Is needed for the dod method' 

1. 

2 

3 

4 

5. 

6 

7 

8 

9 

10 

11. 

12 

13. 

14 

1 6. 

Fume hood 

Balance, capabb d weighhg to 0.1 Q. 

Beakm, 1oOOnrL and 2ooo-mL 

Ring stand or sknilat apparWs. 

Test tube dlp, adjustable, or sirnilat epp8fatu8. 

Evaporating dishes, ple-mnnbeted, toletance to 450 'C 

Furnace glaves (optional) 

Furnace tongs 

Muffle furnace 

One-galbfl metal c8118 wlth eirtlght IldS (pahrt CIVIS). 

Magnetic stirrer and stlr bars, or long stk etickft 

8howet curtain rod or similar 

stop watch 

Thermonetef 

Balance calibration weights, 3-5 weights Covering exp8cted raf'Q0. 

i 
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16 class 'P balance wgm, so0 g 
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Balance, accurate to 0 01 g 

522 Reaaents 
NOTE. All reagents listed are for the clod method. The volume methods do not 

require any reagents 

1. Acetone, industrial grade. 

2 Saran acetone clod dipping mbtture, apprcmimate!y 1:s by weight. 

NOTE The clod dlpplng solution must be mked only under a Property 
operating vented fume hood The operator must wear a 
laboratory coat while mking the dlpplng solution 

The Saran powder b prepackaged In 64og allotmonk Ons 

packet mixed with 8pproXimately 3400 mL of acetone pmvldes 8 

nearty 1.5 by welght mkture resembling llght syrup. tf pos8iMe, 
W)B a magnetic s t h r  and a stir bar to mix the ingredlen!~ In 8 

beaker until wen blended, then transfer mkture to pahrt cont8ln8r 

for storage. Onegallon pains contalnen are used for mking( and 
storing the solution. 81Ow3, add the contents of each packet to 

the acetone while stirring. Continue stiming to ensure thomugh 
dfssolutlon d the powder. The solution normalty b wen mbmd 
when it ha8 the color and consistency of am- syrup and them 
is no gummy Satan residue on the edges or bottom of the 

container If the solution is a milky color, additional mixing b 
c '  

, 
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After mixing the sobtion, the COntPLiner should be capped a8 
tightty 8s possible to prevenz leakage of the solution 01 

evaporationaftheaoetane 

APNo AWC3 
Revision 0 
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3 Water - l a p  grade or better water may be used Allow the water to 

reach roam tempentwe before using 

S 2.3 Ct~n~~fnabl8 Materials 

Consumable items required for the clod method are. 
1 Paper bags, pm-tabeled 

2 Plastlc bags, large. 

8 Clod bulk density raw data form (Att- 10.1). 

2 Known volume bulk densfty raw data forms (Attachment 10 2). 

4. Volume data from sample receipt book ( k m  volume method). 
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53 Calibrationand Standardization 

Standardization ofthe balance is detailed in AP No 1, oenetal laboratory Pfocedm 

Checlt~rmometersmonthlyagainstanNBSTraceaMe8tandardthemKMletettoen#ne 
that they are memuring temperature eccurately H a thennomer varles by mom than 

2 C from the NBS Traceable Standard, it will be removed from s@nrice. 

5 4  ClodMethod 
NOTE All raw data obtained from the clod analysis am recorded on the clod bulk 

density MMI data form (see Attachment 10 1). For each dod to be analyzed, 

record the sa IO, sample code, and the replicate number on the form. Exemlne 

the label attached to the clod and recofd the number of field dips performed by 

the sampling crew under TIELD-DP on the form. Weigh the clod, without 

temoVing the label, to the nearest 01  g and record this weight under 

'FIELD_WTIMOIST 
Suspend the clod in a comrectlwI oven and dry for at leas! 12 hours or overnight 

at 105 'C for mineral samples, or 60 'C for organic samples. After drying, 

transter the clod into a desiccator and allow It to cool for 30 mimes. Weigh tha 

sample to the nearest 0 1 g and record this Wht under 'FIELOWTIDRY'. 

1 

2 Hang the clod on a suspended tod within an operating vented fume hood. Dlp 

the clod into a container of 1:s by weight 8aran.acetone mixture (see SectJon 
6.2.2, Step 2) for three seconds end then allow the costing to dry far 
approKhnately 15 minutes Do not ellow the mixture to impregnate that portbn 

of the halmet hangfng above the top d a clod. 

NOTE Alternately, the clod may be sprayed with water just prior to dipping in 
the Sawracetone solution. me water r e d m  the penetration of Saran 
Into the clod and producw, a frost appearance, indicating the Mknkn 

has coated the outslde of the clod Whichever attemathre is chosen, It is 

Important that the same technique be used on all samples ..' 
I 

I 
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4. Add approximateiy le00 mL of dekmked water to a 2ooonl beaker. Place the 
beaker of water on a balance and tare Record the temperature of tha water 
under TEMP' so that the denslry of the mer can be dculated. Also petform 

8nd record the submeged weight quelity conhol Check (s8ction eo) 

5 Suspend the clod over the beaker by attaching tho top of the hairnet to the tcwt 
tube clip, then lower the clod gently tnto the water until the top of the dod Is 
entirely submerged Record the weight displayed on the balance to the nearest 
0 1 g under aCLODmH20@. If the clod floats, forcibly submerge it by pushing 
down with forceps and record the weight, Note on the raw data form, with a V 

under 'FLOAT, that the clod floated Aetare the balance before proceeding with 
other dods 

NOTE. When submerging, ensure that the dod b not touching the edge d the 
beaker and that the ciod label hangs freely. Occadonally, air bubbles 

may rise from the dod and the weight reading on the balance does not 
stabilize but steadily decreaw& Thb occslrionrrlly OCCWI h chds 
sampled from relathrely porous surface horizons and simply indicates that 

all o f  the primary rnacmpom dong the exterior d the clod were not 
thoroughly water-sealed By reading the weight immediately after 

submersion, enor from this soum d instability is minimired Noto the 
bubbling on the raw data form under 'COMMEN"S'. Also note any othw 

problem, such as a broken clod, under WMMENlW. 
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6 After submersion, place the dod in a pre-numbered evaponding dish Md lbcord 
the dish number on the raw data fonn under 'CRUC-Ne. Remove as much d 

the clod label and hairnet as possible and plsce in a h g e  plastic bag with others 
fmmthesametun. 

7. Place the evaporaHng dish plus clod in a muffle fumace equilibrated at 400 'C. 

The muflle furnace must be wfthin an operating vented fume hood AHaw the 

Saran coating to be bwned On the clod surface for two hours. Allow the fumaw 
to cool, then carefulty remove the evaporating dlsh from the mutAe turnace After 

the clod has cooled thoroughty, place it in a pre-labeled paper bag If the roH I8 
suspected to contain radlonuclides place the paper bag containing the clod into 
a plastic bag 

a Disaggregate the clod through a 2nm deve. Weigh any rock fragments fwtalned 

on the sleve to the nearest 0.01 g and record thk weight under .R-FRAG@. Placo 

the rock fragments into the paper bag and archive all such bags 

CAUTION If the SOU Is suspected to contain radionuclides perform thh 

operation In an approved fume hood. 

Mernativety, the clods may be soaked In water and dispersing agprtt to aid In 
disaggregation followed by dtylng of coarw fragments at 105.C. 

6 6  own Volume Method 

NOTE. Known volume bulk density samples are shipped from the field In una4 plartiC 

placed out to air dry In the drying area (see Section 6.5.1). The drying fadlltattm 

the transfer of the entire sample from its plastic bag into a prelabeled paper bag. 
If sample is suspected to contain radionuclides, this dvlng are8 must be In UI 

approved fume hood. Do not remove any material from the bag, even if the 
materialisthoughtto be morphobglcaltydinerentfromthetypeofhorizonsampled. 

upon the tamp& receipt vermcablon, thm mpw can 

e #  

, 



ANAlYllCAL PROCEDURES 
APNa AWC? 
Revision 0 
page AL o f 2 2  

NOTE. RecordthewtIDandsamplecadedtheVRwVF~on~larawnvolusne 

bulk density raw data form (see Attachment 10.2) 

5.5.1 Jaboratonr Measureme nts 

When dods cannot be obtained, the uolwne-replacement method is used. A 
level step b prepared in the roil plt at least large enough todlg two dmrlarholer 

appmdmaety 1Ocm in diameter and 10 cm deep, wtothe boundary ofthe next 
lawesthorkon. Largerdiamaerholesmustbeusedforthinhorlzons. whena 
level step cannot be obtained ametalframe b used to ptovide atclterencopoint 
for calibrating the 8Wam roughness (see Section S.S.l.1). A# material (inckrdlng 

foots) excavated lrom the small holes Is placed into separate sample bags, 
paying careful attention to retaln all of the sample. Lpbel each sample bag. 

The volume of each hole Is determhd by lining the hole with chee8dath by 
carefully pushing the material Into all the Inegularttles d tha hole Fill a plastlc 

graduated cylinder with beads Record notes in a field logbook indicating WMCh 

sample is being measured (I e , 112 for the fim d two) Read the initlal vdums 

of the beads in the cylinder by placing the drcular block Into the cyiinder and 
tapping the side twenty times (or mole until large voids not VidMe) with a trowel 

handle Record the Initial volume In a field logbook as V, Fill the fabrlc lbrsd 

hole wfth beads, tamplng and then hlllng them, Use a shalght-dgo to help 

judge when the hole is full. Record the final volume Ot boa& in  the^ cylinder 8s 

Vt. Remove the beads and repeat far the second hole. 

I 

I 

I Seal the plastic bags as instwed for rwtl~w) mplm and place all the velum- 
replacement samples for om horhon In a camas bag that b lab8lhmdwlth 

7lolume-Replacement,' date sampled, craw ID, site ID, and mt ID. 

5 5 2 Volume-Reolacement Samolina wtth Framq 
In cases where a level step cannot be obtained due to rock fragments or 
abundant roots the volumet-rep&cenmt manod must be used with a medal 

e *  

# I 
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frame When the metal h.ame is used with this method, only om replicate Is 
required, h e a d  of the usual two, because it Is more time cons~ming The 

volume measurements are recoI(JBd in them @book. 

Twovolume measwementer am to be made when usingthis method Tho first Is 
to calibrate the volume from the top of the frame to the 8oU surface The second 
measurement is made after a hole has been excavated within the w a  enclosed 

by the frame The prep lab will subtract the second measurememt from the tirst 
to obtain the volume of sol1 exmated 

Prepare a level step, as best possible, then position the metal frame and wcure 
it with nalls. Une the Inside of the frame with cheesecloth and tamp It Into all 
comers Place beads Into the graduated cylinder and tamp It as dewribed 

above Fill the frame with beads, tamping them gently whlle filling. Record the 
amount of beeds used In the field logbook. It may take mom than one cylinder 
d beads to fitl the frame, in which case, record in the Y; space the total vdume 
in the first cylinder and write the volume in the second cylinder More pourlng 

beads into the frame For @V; mite the volume h the last cylinder after filling the 

frame to the rim For example, If 1,900 CIT? of beads were placed in the frame 
and then the cylinder WBS filled back up to 1,800 d, the entfy for Vi calibtarion 
would be '7,900 + 1,ooO ' If after filling the frame to the rim, striking it off with a 
smfght-edge and returning the excess beads to the cylinder, the volume in the 
cylinder was 1,500, then the for W; Is 7,500 

Remove the beads from the frame used for callbration and place in a plastk bag. 
Excavate a sample, as described above, from a hole wlthin the frame and labd 

k Une the hole and frame with chemecloth Pour d the beads used for 
calibration into the cheesecloth and wrlte in the Y; section for finrl volume 
'calibration beads + . Fill a graduated cylinder with beads and recard the volume 
in V; for initial volume Pour beads trom the cylinder untH the frame b tilled. 
Strike On the top surface d the frame with 5 straight-edge and return the excess 

* 
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beads to the cylinder Record the fhral volume in the cylinder in the space for 

%' 
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1. Weigh the paper bag plus sample to the neareat 0.01 g and feccwd this 
weight under 'A1R-W 

2 Place the bag Inadrying oven equWbra!ed at 105 'C i 6. Cformineral 

soils and 60 'C f 5' C for organic soils Allow the sample to oven dry 
m i g h t  

a The following morning, remove the 8ample from the oven and allow to 

cool for 30 minutes Weigh the sample to the nearest 0 01 g and record 
this wdgM under 'OD-W 

4 Sieve the contents of the bag through a 2-mm deve to IOCCIOVB any rock 

fragments Weigh the rock fragments to the nearest 0.01 g Md record 
this weight under 'R-FRAa'. Place the rock fragments in the paper bag 
and archhre all such bags. 

6 Transcribe the computed vofume (V, minur Vd tor a VR sample trom the 
m p k  receipt log book to the WOL' column on the raw data form. For 
a M sample, wo an3 can tm enterad under WOL' 

55.3 SamdeDnrh.lg 

1. Label a bulk sample processing raw data form (see attechmerit 3) for 
each sample to be ah dried. 

2 Place two fresh sheets of kraft paper, approximatety l m  x l m  In am on 
the mesh partition of the drying table Wlth gl& hands, slowly qmad 
the sample on top of the sheets of paper, taking care not to b e  any .dl 

off the paper or writ-e any adjacent samples. If a sample 4 
P 

# 
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suspected to contain radionudides, It must be dried in an approvedfume 
hood 

N m  In somi cases, samples may berecehredfrom the field In more than cme 
Combine the contents of dl cordajnecb sample container (bag) 

amptising a single sample 

3 

4 

5 

6 

Disaggregate any large clumps that impede the spreading of the sample 
over the entire area d the papsr. Place an addttlonal sheet of kraft psper 
loosely over the sample 

identffy the sample by attaching the tample'o processing raw data form 

to a hook attached to the drying table 01 other mechanism The original 
canvas end plastic sampling bags should be kept on the floor beneath 
the sample as a second chlck on sample kkmlty 

Daily, stir the soil sample with gloved hands to fadmato qlng 

Forthe first few days that a wet sample is spread, the bottom sheet d 
paper may need to be changed daily in otder to alleviate excos8hm 
~ureaccumulation.AnyobscrrvatiorwoffungalorolgalgronRhrhould 

be noted on the bulk sample processing mw dpsrfonn. 

NOTE: Soils high In clay may harden rwarJy lrruuemlbty 1 allowed to dry wlthoul 

a preliminary disaggregation d medium and mame aggregates. An crllort 
should be made during the akdryfng procedure to dkaggrogate these 
ped- by physical manipulation with gloved hands while still &omwhat 
mdst or friable, betom reaching an ahdry state 
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5.54 vdume-f illha Bu lkOemltv8a mding 
When the plevlowr two bulk density methods do not work, the volumeRlllng 

method is used This method tsfusenmd formatedalsuch asloocu,8and, which 
cannot maintain an excELvBtlon, 01 kregulpr suriace horironr. Samplers R11 w c  
beakers cylinders of known vdumo as best they can to recreate the rrme 
packlng as n a t d t y  found h the SOU FUI the conralnst completely and rMk0 dl 
wlth a straightdge The materlal b carefully tnvrslm to a pltanic bag and 

labeled. Two samples will be taken each- thio method b uted 

Seal the plastic bags as Instructed tor routine smptes and place all the volume= 
flNlng samples for one horizon h a carwas bag that b labelled wlth Ilolums 

Filling,' date sampled, crew IO, site IO, and !!at 10, 

5 6  

S.61 ClodMethod 

It is assumed that the weight d each two-second Setan coading applied br the 

as some of the dipping solution normally b absorbed ha0 the clod when It b 
applied In the field. 

field b equal to the we@ht o t e a c h t h r c t s ~  coeting applied in the laboratory, 

11 b assumed that the specwic gmRy of ahdry Saran b 1.30 g/mS and that the 

coatlng  be^ i s  pement d Itsweigh! upon ovendryine. It is cUslmred!hatUm 

partlcie density of the rock fragments b 247 g/cms. 
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R Q assumedthattha werage gross weight ofthe haimet and clod label is 

1 88 g and the net weight ofthe submerged partian dthe haknet is 0.20 9. 

The following calcu&iom may be pe&mmd by ccnnputeraftew the raw bulk 
density data are entered If 80, it is achntageorts to marmally check a few 

samples wing these calculatkms to understand the procedurs and to test tho 

accumcy ofthe computer program. A list of tempe-ed water density 
values is plovided in Table 61. 

TaMe 5-1 Oenslry at Pure Water 

13 0 
14 0 
1s 0 
16 0 
17 0 
18 0 
19.0 
200 
21 0 
220 
230 
24 0 
25.0 
26.0 
27.0 
28 0 
290 
300 
31 0 
WO 
330 
340 
35 0 

0.9992 
09991 
0 9990 
09908 
0 0987 
0.9986 
a9984 
0 9982 
0 9880 
0 9978 
0b976 
0.9973 
0m1 
08968 
0.8965 

0.9960 
0.9957 
09954 
0 9951 
0.9947 
0.9944 
0.9941 

Adapted from Ust (1984) 
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OD SARAN-' (s) = SARAN-WT X 0 85 

SARAN_wT 
sARANVOL(cms) = 

1.30 

R-FRAO 

247 
R-FRAOVOL(cm5) I - 

 CLOD^^ 
WATER VOL (d) = 

DENSITY OF WATER 

SOIUpORES VOL (mi? = WATER VOL * @  (R-FRAQ VOL + SARAN VOL) 

FlrwHy, use the following colcufatkm to dertve the oven-dry bulk denslty (BO-CLD) for the IndMuaI dod: 

R6.2 KnownVokaneMethod 

The particle densky for rock fragments in a VR bulk densily sample is detfvecl 
krdhriduatty by a submerdon technique similar to that used In the dod analysk 
It is assumed that the particle density for rodc tregmemts tn a VF bulk densky 
sample is 265, unless specifk particle density measurements am made d 
different classes ofroclcfragmenttypes. 



1 
AWE 

ANALYI'ICAL PROCEDURES 
BUM DEN SIW DETERMINATION 

APNo AWC2 
Revision 0 
page z o f l a  

6.0 

70  

The tollowing calculatior#, for known volume bulk density (B0-W) may be 

performed by computer, It is advantageous to manually check afew 8amples 

using these calculatrorw to UndetBtand the procedwe snd to test the cocIIpu((N 

m- 

FINES-WT 
BD-KV <g/cm? = 

VOL'-. (R-FRAG + partlcle density) 

Q U A W  CONTROLS 

NOTE. This applies only to the clod method. 

Record the dry weight and suspended submerged weight of a !5OOg balance weight 

Immediately before and after a run of samples These weights are used to verity propcn 
balance operation and should be charted on a dally basis whenen#r bulk density 
detemdnations are made 

~MIRONMEM. SAFElY AND HEALW 
71 Clod Method 

Laboratoty ponne l  should use caution when working around the muffle fumw 
because temperatures of up to 450 'C are comm011 The f u m e  should be activated 
only h an operable fume hood or other approved ventilation ma Heat reslstant or 
furnace gloves may be needed when placing samples In the fumace. Tho furnace must 
be adequatety vented and prarected from Incidental human contact and eK) 

COmbustiMeiflammaMe materials should be placed in or near the turnace. 

Exba precaution must be taken h the use of the Saran powder and acetone solution (seo 
SecNon 532, Step 2). When mixed, the resulting solution has a tendency to vdatllite 
hydrogen chloride gas which can muse deleterlous health effects The solutbn should 

be used Only h\ an Operating vented fume hood Hall mask Wnh approprlate 
# 

# 
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respiratory protection, gloves, and laborcrtory mat strould be worn as specified h the 
Laboratory Run Sheet 

In the field, e#posute to Saran soMionthmugh inhaladion and rkin contact rrmd be 
mbrimhed. Gloves and resplmtory protection am mommmdd and will be rpecltled in 
the Laboratory Run Sheet. Use solution only in a we#.ventUated area which is dawnwkrd 

d the sampling site 

7 1  Volume Methods 

The Way concerns cited above do not apply to the VR or M methods Prutecttve 

dothing (labotortory coat and gloves), safety glasses, and dust masks should be wom 

RECORDS 
The following documents will be maintained as Quality Records. 
0 Clad bulk density raw data 

0 Knawn volume bulk density data 

0 Bulk m p l e  raw data 

PEFFRFNCES 
American Satiety for Testing and Materials 1984 hnud Book of ASTM Smcbrds, Vd. 77.01, 

m d 8 f d  sp8CMC&tl for fk8gent W8rW, 0-1 193-77 1983). AS'TM, Philadelphia, 

Pennsyhranlsi. 

Blake, @. R 1965 h Black, C A (ed ) Melhods of Soil Arte/y&s, Part 7 Ametican Society of 
A~ron~my,  Madison, Wisconsin 

n 
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Flint, A L, and 8 ChHds 1984 Development and Calibration of an Irregular Hole Bulk Density 
Sampler, Soil S c k m  Socreiy of America Jwmcrl48 (2):374-378, Soil Sdence Sodety of 
America, Madison, wIsconsln 

Kern, J. S ,  and J J Lee 1989 Evaluation &Two Altemathm Bulk-DensQ Methods Agronomy 

Absfmcts American Society of Agronomy, Madison, VvIscodn 

Kem,J.S.,M LPapp,J J LemandLJ Blume Inprepamtion. AppendkAbKetm,J Sand 
J J. Lee, OintcrlDelclysd Response Pwect field Operations W the Mid-AppdecMm RWon d 
fhe Unlted States, U.S Environmental Protection Agency, Office of Research and Developman& 
Washington, D C 

Ust, R J. 1984 Smithsonim Meteorologrcd T'les, 8th Edition Smlthsonh Institute Press, 
Washington, D C 

USDAISCS. 1984 Sol1 Survey Laboratory Methods and Procedures lor Co//ecHng Soil Semp/es 

SoJl Sunsy Imstigahons Repon No 1 U S. Government Printing Omce, Washington, 0 C. 

100 AllACHMENTs 
Attachment 10 1 *Clod bulk density raw data* form 
Attachment 10.2 *Known volume bulk densiry data fonn 

Attachment 10.3 'Bulk sample raw data' form 
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KNOWN VOLUME BULK DENSIW DATA 
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Particle size an8!ysls is determined on the less than 1.25Cm fraction for minerel and 
horizor~~ T?w d ~ / ~ g r a v h e M c  method described In Meithods of Sdl ArWysis (ASAISSSA, 

1986) b used with adaptlons for activity analysis. 

The sdl sample is first dry sieved and then each d the seven fractions weighed and assayed for 
radioactMty The soil fractions are returned to their respectbe scremns and wet deved tollowed 

by drying, weighing, and assaying for radioactMty The soil fraction collected In the pan Is 

suspended in watec aliquots taken from the suspension under specific conditions am dried, 

mngw* and -=w 

APPUCABILrIY 

This Ap applies to laboratory personnel involved in particle she analysb of SOU samples. 

B ! ? 2  
SRCC - Standard Radiological Coming Can 

~ E S P O N S I B ~  

The labwstory rupsnrisor is responsible for assuring that all personnel assigned tasks relatod to 
thin AP am famlliar with this AP, that they have been trained In thls AP, and th8t a controlled copy 

of thls AP is available to them 



APNo AWC3 
ANALYllCAL PROCEDURES Revision 0 
PARTICE SlZE ANA1 YS IS Page 3, o f x  

W l e  the soil In suspension is settling, the graduated cylindem containing the rurspensh cannot 
bedlsturbd, norcanthetemperaturevary. Foamhwulation,aconstanttemperaturew8ter~, 
or tmpcrmturecontroled toom may be used to maintein constant temperahwe When tiandling 

weighlng bottles, use forceps, finger cots, cotton gloves, or vinyl gloves to avdd addlng wslght 
from moistwe and from body salts and oils. 

L 

5 1  p- I ll 
The subsamples fw partlcle size analysis am taken from the bulk SOH sample after It has 

been alr dried and homogenized 

5 2  Bauiment and Su~dieg 
821 pmaratus 

1. Sedimentation cylinders (14 graduated cylinders, optional) 

2 Stlmr, hand-fasten a ckcular piem of pWomted plastic to one end of 

8braszrrod 

n shaw pipet rack or equivalent @referred). 

4 Pipets, 25-mL automatic (cowry with Overnow bulb or equlvalent). 

bl Sieve shaker, 1 .WCm veRical and lateral movement, and MK) oscilatlons 
per minute, or equhraien Unlt must accommodate a nea d sieves 
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6. Weighing pans, 2ocm diameter by 5 cm deep, 01 equivalent, (tare to 
A0 1 mg), capable of withstanding intermittent heating to 110 *C and 

COoHng to loom temperature 

7. Balance, top-badlng, capabh d weighing to 0.01 g 

8 Balance, anatytical, capable of weigtdng to 0 OOO1 g. 

9 Set Ot Sieves, square-mesh, woven phosphor-bronre or stalnless steel 

wire cloth, US. Series and Tyler Screen Scale equhralent deslgn8tbns a8 
follows. 

Nominal us. 
20 10 
0 83 20 
030 50 
0.1 5 100 
0.075 200 
0 045 325 

ODenina (mml NO 

10. 

11 

12 

1 3. 

14 Desiccator and desiccant 

ReceMng pan, used with sknres 

Hot pkite @lock digester, optloml) 

Thermometer, range 10 to SO *C, 

Evaporating dishes, or equhralent, 125- or 25O-mL 

15 Planchet& 
e 

c 
t 
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16 Standard Radioacth&y corrnting Cam, (SRCC) 

17 Drying oven or Convectiorr oven. 

18 Clamp and ring stand or equivalent. 

20 Stop watch or other timer. 

S 22 peaaents and Consumable Materiala 
1 Sodium cahnate (N+CO& 

2 Sodium heXamet8phosphate ((NaPO&], dispersing agent-Dtssohm 35 7 

grams of (NaPO3)6 and 7.94 grams of N+C03 in deionized @I) water 

and dilute to 1 L 

3. Water-Commercial DI water is suitable for these procedures. 

4 Kimwipes or equtvslent. 

5. Fonns-Fonn 2 particle ske parameters raw d8ta, F m  3 partlcle rko 
parameters calculated data, Form QC-2, and Form QG3 (Attachments 
10.1 through 4, respecthrety). 

53 Calibration and Standardkatim 
Check thermometers monthly against an NBS trace- standard thermometer to emsure 
that they are measuring temperature accuratety. 
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# athermometervarles by more than 2 'C from the NBS standard it will be remavedfrom 

2#wv/cB T'pe~ofthesus~ugedinthebeproceduresshouldvarymmore 

than il 'C. 

5 4  Prv SlevhM M ethod 

CAVnON Wear impermeable Nbber  loves when handling my 8ample suspected 

to contain radionuclides 

1 

2 

3. 

4 

s a  

0. 

7. 

8. 

6el up slew shaker In hood with #lo, #20, #SO, #loo, #200, #325 slever, 8nd 

-Mng pan 

Weigh approximately lo00 grams ot sample and record weight on dry s h e  data 
shwt (Attachment 10 1) 

Place sample in drying oven at f 1QC for 1 hour beyond apparent dryness. 

Cool sample to room temperature. 

R e m  sample from oven and weigh, recwdlng welght on dry sieve data shwt. 

Place sample in top sieve (#IO), place covor over #lo sleve and secure In 
shaker. 

Start slm shaker and shake for 10 mlnuta 

Remove 110 screen and transfer son traction Into a tared 8RCC Welgh SRCC, 
subtractlng tare weigh! and record on dry sieve data sheet. 

c , 



5 

9 Repeat step 8 for each sieve and receiving pan. 
NOTE If the s,ievefrsdlonwllt not flt bno one SRCC, place remdrtlng Soil traCtion 

into second SRCC 

10. Count each SRCC containing a sample for radioactivity and record results on dry 

sieve data sheet using the appropriate calibrated radiological detection syaem. 

11 Complete m a s  and actMty balance on dfy sleve data sheet. 

s.5 - 
1. Replace soil fradons removed from dry deving procedure back Into thdr 

NOTE Do not replace msterlal from mcehdng pan 

respective pans StaItIngwiththa #325 deve 

2 Mer all material has been replaced into theh respectha pans, wash #lo dmm 
whh a squirt bottle while a@tatlng sol1 with a rubber policeman. Wash untll the 
water coming through the sieve Is nearly clear. Large sample@ CUI ba more 
eflectlvely pmessed by slunying In a pan and then powing into the sieve. 
Repeat until the effluent b nearty dear. 

3. Followhg washing of d10 sieve, transfer sieve contents to a tared drying pan and 

dlybravetlatllO*C *S°Cfool hourbeyondapparentdrymss, 

4. Repeat step 3 for the remaining sieve fractiosw working from the #20 sieve to the 
+325 slwe. 

s a  Each dried Sieve fractlon is transferred to a tared 8RCC and the sample wdght 
recorded on the wet s h e  data tomr 
NOTE. If the sieve fraction will not fit into one SRCC place remaining sdl fractkm 

Into second SRCC 
, 

c 
# 
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6 The matertal 00Hected &I the pan b dried in a drying over) untU a thin film of mer 
remains over sample Do not allow any dry areas to form In 8lurry. 

Combine dried material from rewiving pan with material maid from nrcem 
pan in dry sieving and mbr to obtaln homgemms sample Transfer material to 
tared tuna fish can for weight determination and r a d l o c o ~  Record 

weight and radioactive assay results on wet sieve data sheet. 

7. CMmt each SRCC for radioactMty and record results on Wa Oieve data sheet. 

a Complete mass and actMty balance on wet rleve dato sheet, 

plmttlna Metw 

CAmON 
, 

Wear Impermeable rubber gloves when handling samples suspected to 

contab radlonucUdes. 

AU pipetting must be performed in a location free from drafts and ternperatwe 

fluctuations A temper8turecontrolled room, constant48mpemtum w8tw bath, or foam 
insulation may be used 

1. Add 10 ml d 0.5 g/L Na - hexametaphosphate (HMP) solution to a 1 &QN 

sedimentation cylinder. Dilute to loo0 ml with 01 water. 

2 Weigh 100 grams d soil from the mcdving pan (combined wet 6 dry rinn 

rewtvlq pan sample) and add to the sedmentatlon cylindet. Shake cylinder or 
rtir to release trapped gasses from the tloil. The 100 grams of soli should not 
Wude the moktwe content d the uolk fhe moisture content can be 
determined by drying a small subsample d pan fractioh 
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3. AHow 12 to 24 hours for the tempemure of suspenskm to equilibrate to room 
temperahrre If water is stored at loom tempemhm, one to two houri, Is 

4. -the material In the 8dmmWon cylindwfOr6 mimRer with the motordriven 

stkrer. Stir 8 minutes if 8us)mskm has been standing for more than 16 hours 

NO= If stoppers of adequate she o miUable, It is pref@rable to stopper the 

cylinder, invert, and svdrl. Care must be taken to BCIIW~ that the stopper 
is held tightty In the cyiinder. Repeat this procedure at least sbc thnes. 

Inspect the bottom and sides of the cyUnder to e m  that fine p8rtkk 

are not adhering to the glaso walls of the cylinder. 

6. Remove the stirrer and either (1) cover the cylinder with a length of pofywethane 
foam pipe-in&tion, (2) immerse the cylinder in a conotant-temperaturn wtm 
bath, or (3) place the cyllnder In a tempenrtwscontrolled room 

6 Stir the suspension fw 30 seconds with a hand stirrer; use an up-anddown 

motion. Record the time when the stirring is complete Do not move, air, or 
otherwise disturb the cyllnder from this point until ell pipmlng ha8 beon 

=fnpleted 

7. Take the temperature of the tolrdion in the cylindw by gentty lowering a 

thermometer S cm lnto the suspension. Support the thermometer with a damp 

to reduce disturbance to the suspemion, 

8. Use the temperature snd Table 6-1 to detemine the settllng tim required for the 

2 0 m i w o n f r a c t i o n 1 e g , a t 2 2 ' C a l l o w 4 m i n ~ ~ , 3 5 ~ .  

, 
c 
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Temperarum 

'C 

wlina Time wlth lndkated Particle Diameter 

20 
21 
P 
23 
24 
s 
26 
27 
28 
29 
30 

000 
7 40 
z38 
7'27 
7'17 
7.07 
6?i7 
6.48 
6 39 
6.31 
6:22 

68'18 
66 42 
-08 
6336 
62.06 
60 42 
59'18 
6800 
66.48 
m36 
W24 

448 
4'41 
4.35 
428 
423! 
4:16 
4 1  0 
404 
400 
3 65 
349 

%bs calculated from Stokes' equations, assuming a particle density of 265 @an3. This tiguro for 
partide density is arbttrary and has been chosen to satisfy simuttaneousty the two definitions al the day 
fmction, i e particles that have an effective dramem of 0 002 mm or less and psrtkle8 tha have a 
satling velocity of 10 cm in 8 hours at 20 .C. 

9 Appmxhately 60 seconds More the sedimentation time has elapsed, slowly 
kwer the Lowry automatic ptpet 10 cm Into the suspension. (A 25-mL vohrmetrlc 
pipet premarked for a 1OCm depth and clamped firmly in place on a stand may 
b-1 

1 0. At the appropriste time, slowly (allow about 12 seconds) fill the pipet. Camfully 
remove it from the suspension 
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11. Wipe clsan the outside of the pipet and empty the amtents hto a glass 
contehrer,curchasa90.mlwidmouthbcWe. Rh@thepipetintothebO#le 

once w#h DI water (add the rinse water to the contents d the W e ) .  Trandet 

contentsafglass container intotared planchet in 10 ml bmements Evaporate 
the mer slowly with heat lamp or on hot plate (no qlattertng or boiling). R h e  
empty glass container with DI water and transfer rinsed solutions to planchet 

12 Cool planchet in deslccator and weigh to nearest 0 1 mg and recard net wdgM 
on wet sieve data sheet. 

13 Repeat steps 7 through 12 for the 5 pm and 2 pm clay fractlon The <8pm 

fraction may be pipetted at a time between 6 and 8 houm depending on the 

temperature and the table used The uw d Table 5-1 and a depth of 10 cm b 
strongty recommended and Is tha easbt method 

6 0  OUALKYC ONTROLS 
Reagent B/m&s-A 25-mL aliquot of the diluted dispemfon solution (100 mL of the 

hexametaphosphate dispersion solution diluted to 1 L), dried and weighed, Is used as the clay 
reagent blank. One blank should be analyzed with each batch of ten samples or weekly if fewer 
than ten samples are run in that week 

Rephres4ne sample horn each batch of ten samples should be analyred In duplicate. 

70  RONM 
Forceps, tongs, or heat-resistant gloves should be used to handle weighing bottles after removal 
from the oven. Wear protecthre clothing and/or Wety glasses when handling reagent8 or 
materials known to contain radionudides 
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8 0  RECORDS 

The following documents will be maintained as Quallty Records 
e Field logbook 

0 Dry Sieve Data Sheet form 

e Wet Sieve Data Sheet form 

e Pipette Method Data Sheet form 

9 0  PEFFRENCEQ 

American Society for Testing and Materials. 1984 Annual BO& of AS?" Standad Spccfficodon 

fiw Reugenf Wum, D-1193-TI (reapproved 1983) ASTM, Philadelphia, Pennsyhmnla 

U S Department of Agriculture/Soil Conservation Servke. 1984. Soil Survey Labomtory Methods 

Md Pfoeedures for colrecfk?g Soil Semplss Soil Survey lnvestigatlons Report No. 1, U.8. 
Government Printing a c e ,  Washington, D.C. 

100 PlTACHMEMs 

Attachment 10 1 'Dry Sieve Data Sheer form 
Attachment 10 2 Wet Sieve Data S W  form 
Attachment 10 3 Tlpette Method Date Sheer form 

(I 



I 
I 
I 
I 

' 1  

AttaCmt3nt 
APNo. AWC3 
Revision 0 
Pege 12 of& 

A W O a r p y  

ANALYTICAL PROCEDURES 
PARTICLE S IfE ANALYSfS 

DRY SIEVE DATA SHEET 

DATE 

TECHNICIAN 
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pURPOSE AND SCOPE 

The pwpose ot this analytical procedure (AP) is to inaNCt laboratory personnel in the method 
used to detemh the pH of soil samples 

The pH IS defhred Bs the negative bg8flhll of the actfvity of hycbooen kns @I+). The H + q  
b a measure ofthe Wective' concentration of hydrogen Ions in solution; It is always equal to or 
less than the true concentration of hydrogen ions in solution Values range from pH 1 to pH 14, 
with pH t most acidic, pH 7 neutral (at 25 *C), and pH 14 most alkaline Each pH unit repmmts 

1 tentold change in H+actMty (i e , a PH 4 solution is 1 o t m s  more acidic than a PH s sowon) 

When the pH of a sample solution is measured, the hydrogen hms come Into equflibrlum wlth the 

ion exchange surface (glass) of a calibrated pH electrode, which creates an electrfcal potenskl. 

This voltage difference IS measured by the pH meter in millhrolts (mv), which is then converted 

and displayed as pH units 

&PPUCABIVN 

The following procedure was developed to standardize the measurement of pH h soils. 

The applicable pH range for soil solutions is 3.0 to 11 0 

This AP applies to laboratory personnel tasked to determine the pH of sdl samples 
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40 

so PROCEDURE 
Discussioq 
Two suspensions of each soil sample are prepared, one in deionized @I) water and one k, 0.01 

M calcium chloride (CaCl2) The pH of each suspension is measured wlth a pH meter and 8 

combination electrode This method Is modified from USDAlsCS (1984) The 01 water pH Is 
generally higher than the pH of the 0 01 M CaCi2 

lnterferenceql 

Factors that normally affect the measurement of pH are (1) eiechotyte content of tho CrXtractUn; 

(2) d-to-solution ratio; (3) temperature and C02contemt of the extractan!: (4) e m  that occul 

wlth insmmcwrt calibration, standard preparation, and liquid junction potential; (5) otganic 8nd 

inorganic constituents, (6) length of time the soil and solution stand before they am 
and (7) technique used in reading the sample suspension. 

Sob high in salts, espedally sodium, may Interfere wlth the pH reading and the dectmdo 

response time Clay particles may clog the liquid junction of the pH reference electrode, slowing 

the electrode response time: thoroughly rinse the electrode wtth 01 water bemeen sample 
readings to avdd this problem. Wlping the electrode dry wlth cloth, laboratory tissue, or dmikt 
matedab or remwhrg the electrode from dutlon when the medm b nat 01) atandby may mum 
electrode polarkation 

, 
# 

, , 
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The lnltial pH d a nonalkaline sdl will usually be as much as 0.5 pH unit gmatwthanthe pH 

Wen after the sample has set for 30 minutes or longer The pH can wry as much as 1.0 pH unit 

between the supematant and soil sediment Always place the electrode jumtkm at the 8ame 
dirrtanCe (eppoximately 3 mm) above the surfaw of the sdl sediment to mahrtain unbmlhy In 

psr ma- 

NOTE 

5 1  

s2  

The figures in the square brackets, [ 1, represent the column of the appropriate form 
wherethedataarerecorded 

The subsamples for pH melurwement am taken from the bulk roll sample after tt has 
been air drled and homogenized Samples should be stored at 4 'C f 2 'Cuntil mady 
for analysis Preparation of the sou ruspemkm for pH measurement ls descdbd in 
section 5 4  

521  Ea uimnent Speciricat ion8 

1 

2 

3 

4 

Dlgltal pHImV meter, capable of measurlng pH to tO.01 pH unk 
potential to fl mV, and temperature to 2 0  5 'C. The meter musf ako 

have automatic temperature compensation capability (Orlon Model 611 

or equhralent) 

A combination pH eleJctmde* mado al high quallty, kwsodium glass. At 
leest two electrodes, orto as a beckup, should be eM#aMe. Qd-type 
reference electrodem must not be used; an Orlon Ross comMnatlorr pH 
elect- or equivalent with a retractable sleeve h tecommended. 

Balance, accurate to *O 001 g. 

Balance calibretion weights, 95  weights covering ercpected range. 
, 

e 
# 
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-Aeacrents 
1. pH Callbration Buffers (pH 4 0,7.0, and I O  o)-Cmmerdally available pH 

callbretlon buffers (National Burem d Standards (NBS]-tnceeMe) at pH 
values of4 0,7 0, and 10 0 (two sem from differem4 sources for callbmtlon 
e n d q u a l i t y c o n t r d ~ ) .  

2 Buffer d pH 7 0 for quality control chedc standard (QCCS)-The QCCS 
can be purchased or It can be propard from 005 M potassium 
hydrogen phthalate (KHCaH404w KHP) This buffer must be tram Q 

different container or lot than the NBS-traceabb 8tandards wed for 
electrode calibration. Dry KHP for 2 hours at 110 'C, cod to loom 

temperature in a desiccator. Weigh 1021 Q of KHP, dissolve It in Dl 

wuter, and dilute the solution to 1.00 L To pmsewe the KHP Wutkm, 

add 1.0 nb of chloroform or one crystal (about 10 mm In diameter) of 

thymol per liter of the buffer aialutkn. This solution has the followfng pH 
st the temperst- g w  3.99 rr 1s OC; 4002 i 20 'c; 4008 

at 25 %, and 4 015 at 30 %. 

3. Water-Commercial Dl water 

4. calcknn hydraxide=DlssoIve 0.18s g Ca(0H)gh Dl waur and dilute to 1 
L 

6. Hydrochloric acid (HCI)-DUuto 1 mL coHcenrrated HCI to 1 L with Dl 
Weter. 

6 Stock calcium chloride solution (CaCI& 1.0 M-DIs8uhm bii.49 g at 

anhydrous CaC12or 73 51 g of CaCi2 2Hfl in DI water and dilute to 

500 mL 

* 
, . 

. 



I 
APNo AWC4 

page 3, OrlL 

A--W-V 

ANALMlCAL PROCEDURES 
gH DETERM INATlON 

7. Calcium chlwide, 0 01 M CaCIpDUUte20 mL d stock 1.0 M Ceckto 2 0  

Lwith DI water If the pH ofthls solution ls not behNeen 5 and 8 5, adjust 

the pH by addition of dllute Ca(OH)2or HCI, as needed 

8 Potmsium chloride (3 M)-Dissdve 224 g KCI In 01 water and mute to 1 
L 

9. Potassium chloride (0 1 M) 

1 0. Sodium hydroxide (NaOH) pellets. 

6.23 Consuma ble Materials 

1 Beakers, plastic, or paper COntSkterSi W-mL 

2 Qlass stlnlng rods or dhposable stirrers, OM) per sample 

3 Welghlng pans, disposable 

4. Fm-form 4 pH in water, Fonn 5 pH in 0.01 M calcium chloride, Fonn 
QE4, and Fonn QC-5 (Attachments 10 1 through 4, respectiVety). 

6.3 CanbratiOnandS tandardization 

NOTE For storage and readings, the electrode need only be hnmened to cum thm 

lfquld junction of the reference electrode (rypJcolty about 3 mm). Rlnre the 
electrode with Dl water between each sample and each Mer to prevent rokrtkn 
car~~gyet. Do nat rub 01 blot electrode dry because this may producr, arbatic 
electric charge and thereby polarize the electrode flectradeg are ttored in bn 
KCL 

. 
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sal jnstrume nt PreDarat lop 

1. Plug in the insbumem and verily that the control knob b on 'STD BY.' 

2 Connect the comMnstion elecrrode to the meter. Consult the pH 
electtodemanualfotthepropetprocedwe. 

3 Verify that the level d ref- film aolutbn (3 M KCI) in the efectmde 
Is just below the fill hole and that the till M e  b uncowmd durlng 
measurement (dde the pl8stk sleeve down), 

5.3.2 Fa libration wit h Buffers for DH less tha n 7.0 

1. Check the meter temperature calibratlm dally wlth 8 beaker d coom 
temperature DI water and M NBS-traceable thermometer. If the display 
differs from the NBS-traceable thermometer by more than 1.0 'C, 
complete adjustments as described h menufactuW8 manual 

2 Pour fresh pH 7.00 and pH 4.00, buffer mlutions into labeled Mknl 
beakers (one 'RINSE., one %AUBRATlOW, and one 'CHECR beaker 

tilled wlth each buflw. R W  all beaken three times whh buffer rohnknr 

and fill wlth the appropriate Mer dutlons. 

3 a  Rinse the electrode wlth Dl water. Place the electrode krto the pH 7.00 

%RINSE! beaker and mid for40 swonds, Place the electtock Into the 

%AUBRATION' beaker, turn the knob to p", rwirl for 30 to 60 secomjs 
(or until the pH re8dlng h stable), and mad the value on the display. 
Consult the pH-temperahrro chart, Table bl. Ute the %ALlBRAm knob 
to adjust the pH reading on the mer to the theamtw pH of th, kmst 

solution at the appropriate tmpwatum. 
* 

c , 
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4. Repeat Step 3 rOrpH 4 00 bufferushgthe% SLOPF knob toadjust the 

PH -ng 

5. 

6. 

Repeatst~3and4until both the pH 7.00andthepH 400 buhs 

agree with the theoretical pH of the buffer tolution at the appropriare 
tempemure. 

Check the standardization uslng the buffer 8olutictm in the 'CHECK' 
beakers. If the values differ by more than *0.03 units from the 

theoretical value, repeat the standardization procam. When the m e r  
rtandardizatlon is acceptable, record the pH and temperatwe readings 
for each buffer solution in the pH logbook 

6 3 3 Calibration for Buff emforpH Measurements Oreater than 7.4 

P1oceedaskrSectlon532brRwbaitutepHf.ObuCletforpH40bulfercmd 

substltute pH 10 0 buffer for pH 7 0 buffer. 

534 waintenancg 
0 Check the level of the 3 M KCI filling solution in the electrode If It is 

more than 1 cm below the filling Me, replenish the solution from a battle 
of electrode filling 8olution. 

S.3 6 pH Meter Electronic Checkoq 

Thk procedure -Id be petfonned in Q C ~ E U I C O  with the m - 8  

manual whenever a new pH meter is set up or when calibration problem occw 

. 
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25 'C 0 'C 5 'C 10 'C 20 'C 90 'C 40 'C 

188 

3.78 

4.01 

6.86 

7.00 

7.41 

9.18 

10 01 

1.67 

386 

4.00 

698 

7.1 1 

7.53 

846 

10 32 

384 

4.00 

6 95 

708 

7.50 

840 

1025 

187 

3.82 

400 

692 

708 

7 47 

933 

10.18 

1.67 

3.79 

4.00 

6 87 

7.01 

7.43 

923 

10.06 

1.88 1.89 

3.n 3.75 

4.02 4.03 

6.85 684 

6.98 6.Q7 

7.40 7.88 

9.14 OW 

9.97 9.89 

5.3.6 Emrod e Etchinn Procedure 
NOTE 1: Use caution when u s l n ~  the NaOH pellets, Wear glows, ey. 

protection,wdrlabcoat 

NOTE2 I the electrode resporwe b sluggish or II the brstNment cannot 

cleaning the ceramic junctlon of the electrode and improving tha 

be sten- the followtng procedure b tecommended tor 

electrode rerrponse time. 

I 
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NOTE 3 Etchelecbodegingroupsofthreewhenposdble Preprrsa 
fresh NaOH solraiorr for each group d electrodes. 

1. Drain the filling solution from the oklrode. 

2 curwo the fiIllng chamber with Dl water and drain it 

3 Retill the chambew with 01 water. 

4 Prepare a 50 percemt (wh) NaOH solution by slowly 

addlng 80 g of NaOH to 30 mL Ot DI 
water. 

7 Rinse the dw3mdes In 01 watw. 

a Rinse the electtodes in pH 7.00 buffer for 2 mInute& 

9 Own the 01 water trom the filling chmbem 

1 0. ReRl 88dl esectrode WlVI 3 M KCL agttate tho 
e l m ,  and &ah the chmnbms. 

11. Refill the chambers once molb wfth 3 M KCL and sph 
each electrode from the leader to l ~ ~ ~ l v o  

eir bubMea 
* 

e 
# 
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1. Weigh200*1 gram af~d~minerelsoilintoabeakerandedd~OmLdD1 

water; for organic soils, use 6 0  g of soil and 25.0 mL of 01 water. Lo(l exact 
sample weight [a) and volume [GI. 

2 AHOW d to absorb the liquid whhout stthring 

3 Stir the mixture for 10 seconds and aHow mbdure to sk for 15 minutes. 

4 Repeat Step 3 three times 

S Repeat steps 1 through 4, replacing the DI water wlth 0 01 M CaCl, Log sampk 

weight [S-e] and volume of 0 01 M CaCb [S-C]. 

6.4.1 pH Measurementq 
1. After the final stlrrlng, allow the rwp@nsiOsr to mlo for at kmt 1 mtnute. 

Place the pH electrode in the wpematant of the soil ngperwlon. 

For mineral soils, the reference junction should be below the solution 
surface and above the $oil-rolution krterface. 

Same organk uoiQ lmsll upon wetting, 80 thore b no fteo water 
available As long 8s the reference junctlon h belaw the surface d tho 
organic material, an acceptable, repeatable reading generally b attahd. 

When the reading io etable, record pH to the ne- 0.01 pH untt 

2 Repon the pH of the soil M water suspension, [a] and the soU.0.01 M 

CeC&suspension [SO], for each sample. 

. 
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3. After measurements am completed, store the electnode in 0 1 M KCI 

storage solution, Do not let the sensing element and reference junction 
dry out The level dthe storage soiutlon should beone lnch belowthe 

filling sdution level to prevera lnflw of the stofage solution. Check 
perlodicalty that the elecbode tesBNojr is MI d filllng solution. 

5.5 Caiculati~ 

No calculations are required to obtain pH values. Replicate measurements of the same 
sample or d duplicate samples should not be averaged. 

6.0 o u m  co m0LS 
Lag all quality control (OC) data on appropriate form (Attachments 103 and 104). 

Reggenr BlankS-Anatyze one blank of each suspenrion solution blank used for each pH 
method Is the reagent used: DI water or 0.01 M CaCl, The measured pH of each b&nk should 
fall between 4.6 and 7 5  pH units 

Rep/icatus-One sample from each batch of ten samples should be anatyzed in Mpllcate for pH 

beach ofthe Dlwaterand 001 M CaCl,soIutions. The Standarddeviatlonfor eachtet of three 
replimes should be 0 10 pH untts or less If fewerthanten sample0 are nm hone day, then one 
Sample pf’OWSSed th8t day rihould be analyzed h trlpliCat@ 

OualHy Conbol Check Smple (OCCS)-A pH 7.00 standard from a dlllerent pmptmbn source 
or lot number than that used for the calibration b used as the QCCS. Analyze a QCcS before 
beginning analysis of routine samples, at rpecilled Intervals thereahew, ag., eRer wary ten 

QCcS should be 7 00 t 0.05. If the QCcS does not meet this criterion, recalibrate the ektrade 

and repeat the QCcS measurement using a fresh QCCS. If acceptable r e d &  rtM cannot be 
obtained- check electrode for clean reference junction, check wiring straps into meter, check for 

static electrldty, and check to see W enough fining solution is contained wlthin the electrode. If 

a problem still persists, replace electrode or meter, or both. 

SampkS and dtW COmpletiOn d mine  Sample analpb for the day. Measwed V8kr0S d (wch 

. 
* # 
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8 0  

9 0  

0 'Parameter - pH-H20, pH In water QC fom, 

e Tammeter - pH-OlM, pH in 0 01M Calcium Chloride' QC form 
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100 &ITACHMENTS 

Attachment 10 1 'Parameter - pH-ti20, pH in water form 
Attachment 10 2 Varameter - pH-01 M, pH in 0 01 M Calcium Chloride' form 
Attachment 10 3 Tmeter - pH-H20, pH in water' QC form 

Attachment 10 4 'Parameter - pH-oiM, pH in 0 01M calcium Chloride' QC form 
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Date 

Date 

4 0 PURPOSE AND SCOPE 
The purpose of this analytical procedure (AP) w to instruct laborstory pemcmel in the methods 

used for determhmg the moisture content of sal samples 

2 0  fiPPUCABIUTY 

TMS AP applies to laboratbry personnel invoked in soil analysis activities in which the moisture 

content of soil samples must be determined 

Ahdry moisture determination is accomplished at the ona!ytical laboratory. n're procedure for 
assessing airdry moisture Is not to be performed, however, until the soil is believed to be air dry 
(see section S 4) Initially, the process is used to ensure that each sample is at an acceptable 
moisture level for further processing, after which, the airdry moisture is determined on all samples 

to convert all results to an ovendry basis, and if specified h a procedure, to calculate the weight 
of sample equivalent to a given weight of ovendry soil (Brady, 1974). 

A subsample of the airdried bulk soil sample k weighed, ovendried for approximatety 24 hours, 

and weighed. The initial and final welghts are used to calculate a percent weight loss. 

3.0 pEFlNmONS 

4 0 JIESPONSlBlUTlE S 

The laboratory supervisor is responsible for assuring that all personne~l assigned a task related 

to this AP are familiar with this AP, that they have been tralned in the AP, and that they have a 
controlled copy of this AP 
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All laboratory personnel are responsible for following this AP 

50  PROCEDURE 

jnterferences 
Sample weights can be affected by salts, oils, and moisture present on skin. Lnsses of fine silt 
and clay, caused by excessnm movement of the samples, will cause erroneously calculated 
mokturevalues 

CAlKlON. If a sample is suspected to contain tadlonuclidest, work818 must wear 
bnpermeable rubber gloves when handling the sample 

5 1 Samde Collection. Preservation. and Storaae and Aliauot PreDamtlon 
A subsample Is taken from the bulk sol sampfe after It is believed to be fully airdrled 
Analysis takes place hnrnedmtety thereafter: no preservation w storage is required 

5 2 EauiDment and Sumlies 
S 2 1  NDaratug 

1. 

2 

3 

4. 

5 

6. 

7. 

Balance, capable of weighing to 0 01 g 

Dying or Convection oven 

Desfocatoroven 

Forceps or impermeable rubber gloves. 

Thermometer, 0' C to 200' C range 

Weighing containers capable ol whhstandiw intermittent heating to 
1 1 O'C and cooling to morn temperature 

Balance calibration weights, 3-5 weights covering expected range. 
e *  

, 
e 

. 
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5 4  

5 22 Consumable Materials 

1. Aluminum weighing dishes, pre-numbered 

2 Aluminum weighing pans, deposable 

4. Air-dry moisture raw data forms (Attachment 10.2) and airdry moisture 

log book 

S Form 1, airdry moisture percent, and form QC-1 (Attachment 10 3 and 
10.4, respectively) 

Calibration and Standarditatioq 
The standardization of the balance b described in AP 1,  General Labomtory Procedures. 

The thermometers should be checked monthly against an NBS traceabk standard 

thermometer to ensure that they are measuring temperature accurately The wen should 
be monitored to ensure that temperature fluctuation does not exceed f 10'C 

SamDle Dwinq 

1. Label a bulk sample processing raw data form (see Attachment 10.1) for each 
sample to be air dried 

. 
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2 Place two fresh sheets of kraft paper, appmimatety l m  x l m  in are4 on the 

mesh patkion of the drying table With gloved hands, slowty spread the sample 
on top of the sheets of paper, taking care not to lose any soil off the paper or 
contaminate any edjacent samples 

CAUTION Any sample suspected to contain radionuclides must be 

processed in an approved, ventilated area such as a fume hood 

NOTE In some cases, samples may be tecehred from the field in mom than one 
sample container (bag) Combine the contents of all containers 
complisrng a single sample 

3. Desegregate any large aggregates that impede the spreading of the sample over 
the entire area of the paper Place an additional sheet of kraft paper loosely o v ~ t  

the sample 

4. Idem@ the sample by attaching the sample's processing raw data form to a hook 
attached to the drying table or other mechanism The original canvas and plastic 

sampling bags should be kept on the fkxx beneath the sample as a second 

check on sample identity. 

NOTE. Immediately after a sample is spread to dry, field-molst pH b determlned 

(see AP 4). 

6 Oaity, stir the SON sample to facilitate drying 

6 For the first few days that a wet sample Is spread, the bottom sheet of paper may 
need to be changed dally in order to alleviate excessshre mokture accumulation. 
Any obsenration of fungal or algal growth should be noted an the bufk sample 
processing raw data form. 

. 
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NOTE Sdls high in clay may harden nearly hreversibly I allawed to dry WRhWt 

a preliminary dsaggregation of medium and coarse pedons. An Mort 

should be made during the rrir-drying procedure to desegmgate these 

pedonsbyphysica(manipuratiOnWtthglovedhandswtrlleStiU~at 
moist tx friable, before reaching an ahdry state 

7. Aaow the sample to air dry until it is believed to be at or below the specMed 

moisture content. N s  process generally takes about two clays, although drying 

time msy vary from one day to a week 01 more. 

0 Subsample M aliquot for the airdry moisture determinatron 

55 Laboretorv 

NO= Data for this procedure are recorded on the alrdry moistwe raw data form (see 
Attachment 10 2) Once a soil sample is determined to be air dry, the information 

is also entered on the bulk sample processing raw data fonn (Attachment 10 1). 

1. Thoroughly mix the airdry sample. Transfer a subsample ot 

approximately 15 g into a prenumbered aluminum weighing dish of 
known weight Enter the dish number on the airdry mdstwe raw data 
form under Tff-ff 0: Carefully handle the weighfng dish by Its edges or 

impermeable rubber gloves when handling the dish dksctty 
Wnh fwcepS 11 the SafIlpl8 k SUSpt8d to contairr &bWClldsS Waf 

N m  Because the aluminum weighing dlshes or equivalent am manufactured to be a 
nearly constant weight, the average weight d ten labeled aluminum weighlng 
shes may be used 
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2 Weigh the dish plus sample to the nearest 0 01 g and record this initial 

weight under '1NTT-W: Place the dish in a mectlon oven whtch has 

equilibrated at 105' C for mineral 88mp)88 a 6O'C for organic samples, 

Allow the sample to oven dry overnight at this temperature 

3 The following morning, remove the sample from the oven and allow to 

coo( for 30 minutes in desiccator Weigh the dah plus sample to the 
nearest 0 01 g and record this wen dry Weight under 'OD-': 

NOTE Data for this procedure are recorded on fonn 1 oven dried moisture percent 
(Attachment 10 3) Figures within the square brackets, [ 1, represent the form 

number and column in which the data 810 recorded 

4 Remove weighing pan from oven, allow soil to mol In a desiccator 

Weigh each sample to f 0 01 g and record ovendry wight 1141 

5 6 Calculations 

The following calculations may be performed by computer it Is advantageous to manually 

check a few samples using these calculations to understand the procedure and to test 

the accuracy of the computer program 

If the calculated moisture content is above 25 percent for mind soils or above 6 0  

percent for wganic solk, allow the bulk sample to conrinue akdving and repeat the 
procedure at a later time However, if the sample is below the cutoff percent moisture 
content for the soil type, then the airdry sample may be rebagged and placed In cold 
storage or it may immediately undergo the next stage of processing 

# 
. #  

* 
e 
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7.0 

8.0 

NOTE Designations within the square brackets, I], represent the form 
calumn in whtch the data are recorded on F m  1 (Attachmem 10.3). 

and 

Percent moisture = ([AkdIy Wt - oven-dry Wt] + Ovenclty wt) X 100 

OR 

MOIST [I-D] ([I-B] - I1-C)) + [l-C] x IO0  

QUAUN CONIROLS 

NOTE Analytical laboratory quality control (QC) results are recorded on Form QC-1 

(Attachment 10 4) 

Replicates-One sample from each batch of ten samples or less per day should be anatyzed In 
duplicate The percent relative percent difference (%RPD) should be 15 percent or less 

QC AudR Sample @CAS)-The OCAS should fall within the accuracy window provided by the 
qualrly assurance (QA) manager 

ENVIRONMENT. HEALTH AND SAFEN 

Forceps 01 heat-resistant gloves should be used to handle weighing dishes after removal from 

the oven If samples are suspected to contain radionuclides lmpermeable rubber gloves must be 
wom when directly handling the weighing dishes 

RECOROS 
The following documents wdl be maintained as Qualhy Assurance records. 
e Bulk sample rn data 

e Soil Sam@ air dry determination 

Parameter moist air dry molsture percent 

e QC Fonn parameter moM air dry mofsture percent 
, 

. 
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Field logbook 

e 'Bulk Sample Raw Data' form 

Soil Sample Air Dly Determination' form 

0 .parameter-Moist, Ah Dry Moisture Percertr form 

*Parameter-Moist, Air Dry Motsture Percertr form 

9 0  REFERENCES 

Brae, N C (ed) 1974 The Nature and Property of Soils Eighth Ednion MacMillan Publishing 
Co,lnc,NewYork,NewYork 

10.0 ATTACHMENTS 

Attachment 10 f 'Bulk Sample Raw Data' form 

Attachment 10 2 'Soil Sample Air Dry Determination' form 

Attachment 10 3 'Parameter-Moist, Air Dry Moisture Percent' form 

Artadment 10 4 'Parameter-Moist, Air Dry Moisture Pmenr QC form 

. , 
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6011 SAMPLE AIR DRY DRERMINAT'WN 
UL WEIBHlS REPORED To 0 01 GRAMS 

I(- , 
5 , 
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SECTION 1. GENERAL INSTALLATION 

ELECTRICAL POWER 

The crossfield magnetic te arator i s  ciose-coupled to a 20W, QOVDC, 

an electrlcal Input of 480VAC, 3 phase, 3W, 60H2, and a grounding 
conductor. The electrical power should be supplied from a nearby wall-  
mounted circuit breaker - minimum 50amp. The electrical input and gounding 
terminals are located on the back o f  the power supply. (Note: The 
electrlcal installation and grounding must be performed i n  accordance with 
the National Electric Code and a l l  other pertinent codes.) 

450- direct current regu P ated power supply. This power supply requlres 

* For additional power supply information, see the EMHP power supply 
service manual . Model No. 40-450-41 214-0683. 

COOLING SYSTEM 

The magnet open loop cooling system requires approximately 10-15 gpm of 
water at 65 degrees F. with an unfouled pressure loss of 10 psi. One inch 
NPT connections have been provided on the open loop manifdds for f i e l d  
instal lation. 
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SECTION 2. START-UP INSTRUCTIONS 

ROTE: The crossfield magnetic separator has been shipped without water I n  
the closed loop cooling system. 

Step 1, 0- F i l l  the closed loop cooling system with cool, clean water, 
referably de-ionized. The system holds approximately 20 gal- 

Pons of water. Open the de-ionizer gate valves and tank valve. 

Step 2. 0- Energize the power supply feeder. 
lights on the front of the power supply should be '0") 

Step 3. 9- Start the water pump. Let the water circulate for at least 30 
minutes. Add water as necessary to maintain the proper opera- 
ting level. The site glass on the side of the a i r  expansion 
tank should always be completely f i l l ed  with water. 

Step 4. -- With the pump 'OFF', open the gate valve on the side of the a i r  
expansion tank and drain off the excess water, then close the 
vat ve. 

(NOTE: The 3 phase indicator 

Step 5. -- Start the water pump. Check the water level and inspect for 
system leaks before continuing. (NOTE: Monitor the s ite glass 
regularly t o  insure proper system water level 1 

their lowest (counter clock-wise) position. 
Step 6. 0- Set the current and voltage control knobs on the power supply to 

Step 7. -- With the water pump operating, close the 50 amp power supply 
circuit breaker on the front of  the power supply. The power 
indicator l ight should be on and the cooling fans should be 
operating. No power should be delivered to  the load. The 
panel meters should be indicating zero volts and arnperes. 

Step 8. -0 Depress the "START" control button on the front of the control 

!:%e meters should be indicating zero. Slowly advance the 
voltage control to about 1/2 the maximum setting or 20V DC. 
Next, slowly advance the current control to  about 1/2 the maxi- 
m~ setting or 200 amps. Oscillating conditions may be encoun- 
tered during th i s  period, but should stabilize quickly. Final- 
ly, adjust the voltage and current controls t o  obtain the 
desired output current. (Note: The red current Indicator must 
be illumjnated to  operate In  the current regulated mode.) 

Step 9. -0 After setting the desired operatlng current, the power supply 
can be switched ON and OFF by depressing either stop or start 
buttons. For remote stop and start operation, refer to power 
supply manual for additional information. 

The panel meter indicator l ights m a y  be Illuminated, 



SECTION 3. SAFETY AND UAINTENAJKE INSTRUCTIONS 

ELECTROMAGNET 

The electromagnet consists of water cooled electrlcal coils and a steel 
magnetic return circuit. The magnet i s  not suitable for frequent or 
prolonged exposure to liquids and w i l l  not withstand acids or _caustic_ 
1 iauids . 

' I  
I 

The coi ls  are water-cooled and the operating temperatures of these coils 
must be kept to values consistent with the original factory conditions. 
The water fittings to the coi ls  and manifolds should be maintained to  avoid 
leaks. The water hoses also must not leak, and should be replaced when the 
rubber becomes stiff or brittle. 

When the magnet is energized, a portion of the tna netic f ie ld  i s  not 

around the magnet and th i s  f ie ld w i l l  exert a pull on a l l  magnetic objects 
i n  the vicinity. Therefore, I t  i s  necessary to remove a l l  unsecured 
magnetic objects near the magnet before the magnet i s  energized. It i s  
also advisable for personnel to have removed wrist watches and magnetically 
imprinted credit cards, and other magnetical ly susceptible items from the 
items from the vicfnity of the magnet before the magnet i s  energized. 
Personnel should not be permitted i n  the stray field, especially those who 
may be equipped with any type of  electrfcal or other medical equipment. 

contained within the steel. A stray magnetic f i e  9 d exists completely 

POWER SUPPLY 

The power supply should never be exposed to water, acids, or caustics, and 
i s  not suitable for frequent or prolonged exposure to airborne acids, 
caustics, or high moisture. 

SAFETY DEVICES 

The power to the magnet will automatically de-ener i re if the equipment 
overheats or if there i s  an inadequate flow of coo P ing water. The normally 
closed contacts of the water flow and temperature sensors are connected i n  
series between terminals T82-4 P 5 o f  the power supply. If a 
safety contact opens, power to  the magnet w i l l  be de-energized. 

POKR SUPPLY AIR INTAKE FILTER 

I '  
The plastic mesh ai r  intake f i l ters  should be inspected at intervals 
determined by operating and environmental conditions. For access to the 
fi lter for cleaning, remove the f i l ter  holder frame and side covers. 

1 
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CAUTION: Olsconnect a l l  ower to  the power supply before removing any 

solvent. Material which has deterlorated or cannot be adequately 
cleaned should be replaced. With clean, dry air, carefully blow 
the dust from the power supply. Delicate electronic c 
can be easily damaged by hlgh pressure air. Contact w i t  
internal components may result i n  electrical snoa from energy 
stored i n  the electrlcal system. 

panels. The fi ! ter material may be washed with detergent, not 

#aRonents 

WATER TO WATER HEAT EXCHANGER 

The water to  water heat exchanger must be maintained i n  a clean (unfouled) 
condition on both the open loop and closed loop sldes. It is  also 
necessary t o  maintain the copper conductor inside diameter i n  a clean and 
unfouled condition for effective heat transfer to the coolfng water. 
Excessive temperature on the closed loop side i s  detrlmental to the magnet 
coils, insulation, and the power supply. Maintain the heat exchangers, 
manifolds, and pumps i n  a good, clean condition. 

WATER DE-IONIZER 
The de-ionizer must be on-line and maintained i n  operating order at a l l  
times. I f  the de-ionizer water indjcating l ight fa i l s  to light, replace 
the de-ionizer bottle. The water resistance should not be allowed to drop 
below 200,000 ohm's per cm. 

GENERAL 

Electrically ground (with proper size electrical conductor) the magnet, 
power supply, operator's panel e and slurry control piping In accordance 
with the provisions of  the National Electrical Code, state, county, city, 
and/or any other appl icabl e codes. 

Maintaln a l l  of the equlprnent safety devices i n  an operational condition. 

Maintain and observe all the warning name plates on the equipment. 

Periodically test the equipment safety devices. 

Periodically inspect for water leaks and for the proper system water level . 
NOTE: ONLY PROPERLY TRAINED PERSONNEL SHOULD BE ALCOUED ACCESS TO MIS 

EQUI MWT . 

I 1 
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FI6UUE A 

The front panel surface contrlns a l l  the controls and tndicrtors necerruy 
to operrtc the supply tn I t s  normal We. (seo Ftguro A). 

on/off suttch 
volta 8 control 
voltage tndicrtor 
current control 
current hdfcator 
DC meter 
over voltage rdjustment 

Dc vo f tmeter 
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SECTION 6. PARTS LIST 

SPARE PARTS 

1. 

2. 

3. 

4. 

5. 

Water Flow Swltch 
Shure Flo Model 12600-1911 
Manufacturer: Hays Company 

Temperature Switch 
Klixon Model 
Manufacturer : Texas Instruments 

Water Pump 
Price Pump 3/4 HP 50 psi 

Heat Exchange 
Paul Mueller Plate and Frame 

Power Supply 
EMHP (Modified by PEM) 

I 


