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BURN PIT CHEMICAL PROFILE (PHASE I )  

Reference : 

Bjorklund l e t t e r  to  Regional Water Quali ty Control Board, 4 March 1981 

(81RC02364), Re: Inactive Burning and Disposal S i t e  ("Burn P i t " )  

SUMMARY 

This work p l a n  delineates in deta i l  how the s i t e  will be examined on a " f i r s t  
pass" basis to appropriately estimate the l eve l  of e f f o r t  tha t  will be required 

fo r  Phase 11, the rigorously conducted sampling and analysis according t o  the 

guidelines established i n  the EPA manual of test procedures covering such s i tua-  

t i ons ,  "Test Methods fo r  Evaluating Solid Wastes", (SW-846, 1980), published by 
the Office of Water and Waste Management. This work plan a l so  recommends the use 
of various, other technical disciplines (geologis t ,  ground water spec i a l i s t )  and 
other labc~ratory services (Pacific Spectrochernical , West Coast Technical Services, 

Rockwell Environmental Monitoring Center) a s  we1 1 as  1 i  t e ra tu re  reviews on appro- 
p r ia te  ac t iv i t i es  and consulting f i n s  that  Rocketdyne may wish t o  consider. In 
addit ion,  th is  presentation includes the labor  estimate fo r  t h i s  assignment as 

we1 1 as the capital  equipment tha t  may be required fo r  Phase 11. A proposed work 

schedule i s  submitted with targeted completion dates to  provide f l ex ib i l i t y  ac- 

cording to  the chemical analysis resul ts .  

BACKGROUND 

General Si te  Hi story 

The "Burn P i t "  s i t e  was established i n  approximately 1958 for  the safe disposal 

o f  chemical fuels by combustion i n  order t o  minimize potential public exposure 

which coulld resul t  from transport across publ ic  highways t o  dispose in a conven- 

t ional  l andf i l l .  This s i t e  was operated by qua1 i f i ed  Rocketdyne Protective 

Services personnel unti l  1971. A t  t ha t  time, the  s i t e  was closed because of a i r  

pollution considerations. Since i t s  closure,  the  s i t e  has been essent ia l ly  in- 

act ive  w i t h  the exception of a few f i r e  department demonstratdons and training 



exercises t o  maintain their  proficiency in dealing with chemical f i r e s  and 

emergency incidents. 

Si te  Desc:ription 

Located in Rocketdyne's 2,400-acre Santa Susan Test Faci l i ty  (SSFL) i s  a six- 
acre area which i s  referred t o  as the "Burn Pi t" .  Within the bounds of the 

six-acre area are s i x  pi t s  which range in volume from approximately 200 gallons 

t o  10,OOCl gallons. Of these s ix p i t s ,  three of them are lined with concrete and 

three unlined earthen pi ts .  The enclosed maps give the geographic location, 

topography, draining outfalls and a rough plan of the "Burn Pit".  

Area Water Run O f f  -- 
A prel irninaty teview of the water runoff has led the Rocketdyne Environmental 
Control Office to believe that no dischargeable hazardous residues resulted 

from the combustion processes. Routine sampling a t  the adjacent perimeter pond 

has not shown any unusual concentrations of any of the substances required t o  be 

sampled by the current NPDES permit (expiration date = August 31, 1981). I t  i s  
be1 ieved, therefore, that surface runoff i s  n o t  the problem. 

Ground Waw 

The Rocketdyne SSFL i s  serviced by one well which i s  maintained by Rocketdyne. 

Two additional wells are planned to be brought on l ine in s ix  ( 6 )  months. None 
o f  these wells are located near the burn p i t  area and are upgradient. Rocketdyne 

believes that there has been no ground water contamination resulting from the 

past activities in the b u r n  p i t  area. This conclusion i s  based on a n  evaluation 
of the type of the disposal practices which were employed and a 1958 geologic and 
hydrologic survey of the underground water conditions. The study was performed 
by C.  C .  Killingsworth, a consulting geologist from Los Angeles, whose findings 
revealed that "the overall average effective porosity appears to  be less than 

one percent (1%) over the 2,000 acres of property". Furthermore, of the wells 

tha t  have been driven or that are currently i n  operation, the distance from the 

surface ti:, reach the aquifer i s  of the order of 415 feet. 







WORK STATEMENT 

The Cal i l 'ornia Department of Health Se rv i ce s  prepared a document on "Samplers 

and Sampl ing Procedures f o r  Hazardous Waste Streams" t h a t  o f f e r s  t h e  approach 

cons i s t en t  with t he  Burn P i t  chemical p r o f i l e .  Thus, the a t t a ched  procedures 

submit a plan of ac t ion  t o  maximize s a f e t y  o f  sampl i ng personnel,  minimize sampling 

time and c o s t ,  reduce e r r o r s  i n  sampling, and p r o t e c t  t he  i n t e g r i t y  of t h e  samples 
a f t e r  sampling. 

1. The background information about t he  Burn P i t  has been researched and is sub- 

mi t ted  as  Table  1 ,  ("SUMMARY OF MATERIALS AND DISPOSAL METHODS"). Records have 
been kept f o r  years  on the general  pond/water system/runoff chemical cons t i tuency ,  
so t h a t  Rocketdyne's pol l u t i on  con t ro l  program has voluminous documentation on 
cons t i t uen t s  t h a t  required r epo r t i ng  under t h e  NPDES permit c u r r e n t l y  held.  These 
records subs t an t i a t e  t h a t  su r f ace  runoff  has been monitored con t inua l l y .  Rocketdyne 
has had voluntary pro jec t s  as well a s  complying w i t h  a l l  t h e  e x i s t i n g  r egu l a t i ons  

and codes of t h e  agencies during t h e  time frame and with t h e  perspec t ive  t h a t  

appl ied ,  na t i ona l l y ,  before t he  advent  of l e g i s l a t i o n  t h a t  more s p e c i f i c a l l y  ad- 

dressed t he  need f o r  r e s t r i c t i v e  environmental con t ro l s .  

2 .  A l i s t  i s  a t tached t h a t  de sc r ibe s  t h e  c o n s t i t u e n t s  f o r  which t h e  ana lyses  rnx 
be performed. See Table 2,  ("SUMMARY OF CHEMICAL CONSTITUENT TESTS"), t h a t  has 

been compiled from the  data  assembled and t a b u l a t e d  as i n  Table 1 .  
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TABLE 1 - SUMMARY OF MATERIALS AND DISPOSAL* METHODS 

Type of Material Volume or Mass Disposal Method 

A .  Fuels 450,000 ga 1 1 ons 

1. Nitrogen Tetroxide 
2. Irlisc. Contaminated Fuels 
3. Pentaborane 
4. RP-1 (Kerosene Base) 
5. JP-4 (Kerosene Base) 
6. Hydraz ines 
7. Triethyl Alum? num 
8. S'riethyl Aluminum Borane 

Combustion 
Combustion 
Combustion 
Combustion 
Combus t i  on 
Combustion 
Combus tion 
Combustion 

6. Igniters #6924 Detonation 

C. Process Chemicals 21,300 gallons Dilute and place 
in earthen pits 

D. Reactive Metals 13,810 pounds 

1. Aluminum 
2. Magnesium 
3. Sodium 
4. Potassium 

Burning 
Burning 
Burning 
Burning 

E. Organic Solvents 31,717 gallons 

1 .  Tetraisobutylene 
2. Alcohols 
3. Heptane 

Combustion 
Combustion 
Combustion 

F. Explosives 5,121 pounds 

1. Nitrocel 1 ul ose 
2. M,ix Oxides 
3. Dynamite 

Detonation 
Detonation 
Detonation 

G. Toxic Gases 

1.  O~(ygen Difluoride Gas 
2. Fluorine Gas 
3. Chlorine Gas 

Combusti on 
Combustion 
Combus ti on 

H. Heavy Metal Toxi cs 191 gallons 

1. Leaded Paint (189 .gallons) 
2. Potassium Cyanide 
3. Sodium Arsenite 
4. Mercury 

Combustion 
Combusti on 
D i l u t i o n  
Dilution 

*NOTE: From Fed. Register, May 19, 1980, p. 3311 9: "A material is 'disposed of' if it i s  
discharged, deposited, injected, dumped, spilled, leaked or placed into or on any land or 
water so that such material or any constituent thereof may enter the environment or be 
emitted into the air or discharged into ground or surface waters.'' 



'TABLE 2 - SUMMARY OF CHEMICAL CONSTITUENT TESTS 

The fundamental f i r s t  s t e p  p r i o r  t o  t h e  va r ious  s epa ra t ions  i n t o  c l a s se s  

and groups o f  compounds is ca l l ed  t he  Ex t r ac t ion  Procedure (Federal Register ,  

Vol. 45, No. 98, Monday, May 19 ,  1980, E. Sec t ion  261.24, Cha rac t e r i s t i c  of 

E. P. Toxic i ty) .  The equipment required t o  perform t h i s  opera t ion  has been 

ordered amd should a r r i v e  by August 1 ,  1981. T h u s ,  t h e  fol lowing I l s t  includes 

the ana ly t ica l  chemistry protocol t h a t  u t i l i z e s  t h e  manipulations c i t e d  by the 

Federal Flegister methodology a s  appropr ia te  and designed t o  i d e n t i f y  wastes 

l i k e l y  tot leach hazardous concentrat ions o f  p a r t i c u l a r  t ox i c  cons t i t uen t s  i n t o  

the  groundwater supply. 





TEST PROCEDURE FOR DRY SAMPLE EXTRACTION 

LIQUID S O L I D  SEPARATION 

"REQUIRED CAP I TAL ITEMS 

PARTICLE S I Z E  \ 
> % s  J MONOLITHIC 

METALS (AA)  
V O L A T I L E  ORGANICS (GC) 
V O L A T I L E  AROMATICS, KETONES AND ETHERS (GC) 
ACRYLONITRILE,  ACETONITRILE  AND ACROLEIN (GC) 

] PHENOLS (GC) 

STRUCTURAL 
I N T E G R I T Y  

, (COMPACT I ON TESTER)' 

* 
SAMPLE SIZE 

REDUCT I ON 

(PULVERIZER)  " 

(9,s MN 

i 
I -,  

I 

EXTRACTION PROCEDURE 
(ROTARY EXTRACTOR)" 

a 



TEST PROCEDURE FOR SON I CAT ION METHOD 

, 
SAMPLE S I Z E  

REDUCTION 
I 

I&l (SON I C D I SMEMBRATOR) " 

I DRY EXTRPiT I 
L 

I CONCENTRATE 1 

[ ' EXTRACTABLE ORGANICS ( G C )  1 
PCB's AND ORGANOCHLORINE PESTICIDES (GC) 
SEMIVOLAT I LE AROMAT I CS (GC) 
POLYNUCLEAR AROMATIC HYDROCARBONS (GC OR HPLC)  
CHLORINATED HYDROCARBONS (GC) 



TABLE 2 - SUMMARY OF CHEMICAL CONSTITUENT TESTS 

Alurns'num 
Arsenfc 
Bar i  urn 
Bery l  1 i urn 
Boron 
Cadmi um 
Chromium 
Copper 
I r o n  
Lead 
Magnesi urn 
Mercury 
Molybdenum 
Nicke l  
Phosphorus 
Potasslum 
Sel en I um 
S l l  i con 
Si 1 ver 
Sod l urn 
S u l f u r  
T i n  

c a b o n  t e t r a c h l o r i d e  
Chlorobenzene 
Chloroform 
Chi oromethane 
D i  chl  orabenzene 
D i  bromorne t hane 
E thy l  e t he r  
Formaldehyde 
Methanol 
Methy l  e t h y l  ketone 
Methy l  i sobu t y l  ketone 
Tet rach loroe thane 
Tetrachloroethene 
Tr ich loroethene 
T r i  chloroptgpane 
V i n y l  ch l o r i de  
V iny l  i d i n e  ch l o r i de  

VOLATILE AROMATICS, KETONES 
& ETHERS AND NITRILESL 
Ace ton i  tri 1 e 

Ti tanium Benzene 
Zinc Chl orobenzene 

D i ch l  orobenzene 
E thy l  e ther  
Methy l  e t hy l  ketone 
Methy l  i sobuy t l  ketone 
To1 uene 
Xyl ene - - - - - - 

Benz (a )  anthracene , pyrene 
Benz ( b )  f l  uoranthene 
Chrysene 
Creosote 
Mercaptans 
Napthal ene 
Phenols 
Pyr id ine  
Toluene d i i socyana te  

Chl o r i d e  
F l u o r i d e  
N i t r a t e  
Phosphate 
Su l f a t e  

Hydraz i  ne 
Monomethyl hydraz ine 

- - - 1. By atom1 c absorp t ion  spectroscopy o r  emiss ion spectrography. 
C U E  2. By gas chromatography or h igh  pressure l i q u i d  chromatography. 
Z-;3 3. By sample p repa ra t i on  fo l lowed by gas chromatography. OR EQUALLY SUITABLE METHODS 
9 5  
a==. 4. By spec i f i c  Ion  e lec t r ode / c l ass i ca l  wet chemical techniques. a - 5. By co l o r ime t r i c  t e s t s .  
- P e  - 
-I= 
IU- 
P m  
-P= 
a= - = 
n - - - = 
I 



WORK STATEMENT (Continued) 

3 .  The proper samplers will be selected in accordance with the State and 

EPA SW-846 manuals, as well as devices that a re  uniquely suited to  the SSFL 

terrain.  

4.  The proper sample containers and closures will be obtained using the 
referenced regulatory documents as guides. 

5. The sampling plan will include the choice of proper sampling points, and 

the nurri'ber and  volume of the samples t o  be taken, including the boring depth. 

6. All proper sampling precautions will be observed. 

7 .  The samples will be handled properly w i t h  the appropriate chain of custody 

paperwork:. 

8. All samples will be identified correctly and protected from tampering. 

9. All sample information will be recorded and identified in  a f ie ld  notebook. 

10. The c:hain of custody record will be completed. 

11. The sample analysis request sheet wil l  be f i l l ed  out. 

1 2 .  The %amp1 es wi 11 be submitted to  the appropriate laboratory. 

13. The results of t he  selected testing will be reviewed and decisions made 
where there are questions that need t o  be answered or issuer resolved. I f  ad- 
ditional samples are required or further pretreatment or sample preparation 
necessitated, then actions will be taken to  complete these tasks. 

14. A report will be written sumnarizing t h e  work performed, data generated, 

resul ts  found, and recomnendations tendered. This report will be submitted t o  

the Rocketdyne Environmental Control Office a s  the document covering PHASE I .  



DISCUSSION 

The sample collection would be performed by maintenance personnel specif ical ly  

instructed in and assigned the task by Rocketdyne Faci l i t ies  and Industrial 

Engineering management. A minimum of 50 samples would be obtained over the 

six-acre area. The specific sampling s i t e s  would be chosen by the Rocketdyne 

F & IE Elurn P i t  Project Engineer on the advice and counsel of those who have 
knowledge of the area and i t s  h is tory and drainage patterns so that  represen- 
t a t ive  sampl i n g  could be perfonned. The Rocketdyne Environmental Control Office 

would approve of the sampling grid prior t o  the  execution of the undertaking so 
t h a t  the historical  data on past events would provide guidance and direction 
fo r  the sample handling. The choice of the chemical t e s t s  t o  accomplish the 

chemical profile of the B u r n  P i t  area would be the responsibil i ty of the Manager 

o f  the Rocketdyne M&P SSFL Analytical Chemistry U n i t .  I f ,  i n  her opinion, samples 
were to  be sent out to  other laboratories,  these  decisions would be made and sub-  

sequent actions taken t o  accommodate the best  technical resolution of the problem 

i n  the most expeditious and economical way. 

COST FOR CHEMICAL ANALYSIS FOR PHASE I ONLY 

The pricing (as  an internal control document) for  the SSFL Analytical Chemistry 

Unit e f fo r t  i s  attached as Table 3. The basic  considerations are tha t  from 

50-100 samples would be submitted fo r  chemical analyses, and t h a t  the number of , 

constituents per sample, following the i n i t i a l  extraction procedure, could vary 
from 25 to 60 depending on type, matrix, level  of .complexity, and detection , 

parameters. 



TABLE 3 - PRICING FOR CHEMICAL ANALYSIS ONLY 
(F & IE Sampling, etc. Not Included) 

50 - 100 samples @ a minimum o f  25 hours each = 1250 to 2500 hours 

Every solid sample would be split and a portion would go out to P a c i f i c  

Spec trochemical Labs for a semi -quanti tative emission spectrographic 

determination for metals, at $45/sample. Thus, this cost would be in 
the range of $2250 to $4500. 

Special field sampling bags (for chain of custody identification) and 

other containers would run about $200. 

Chemical standards, 1 iquid chromatography columns ( a t  a current rate of 
$400 each), and other cal i bration-type supplies would amount to about $3000. 

Therefore, the pricing for the SSFL Analytical Chemistry Unit effort is: 

MINIMUM, 50 SAMPLES -- MAXIMUM, 100 SAMPLES 

$ -- HOURS $ - HOURS 

1250 M&P Personnel & 2 500 
Burden Labor 

$2,250 Emi ss i on Spec. $4,500 

$ 100 Containers $ 200 

$1,500 Chemical Standards $3,000 
---- 

$3,850 & 1250 Hrs. TOTAL $7,700 h 2500 Hrs. 



RECOMMENDATIONS 

I t  i s  recomnended herewith that  several other ac t i v i t i e s  take place concurrently 

with the " f i r s t  pass'' profil ing of the B u r n  P i t  area. These are:  

(1 ) Another geological and hydrological survey should be done by a professional 

firm with excellent credentials i n  t h i s  d i sc ip l ine .  Newer techniques and methods 

should be available than those u t i l i zed  in 1958 when C. C. Kil lingsworth made his 

evaluation. Stone being stone, the porosity values should remain the same, but 

perhaps other data about the SSFL property would be generated which would be help- 
fu l  fo r  the company's future plans as  well a s  i t s  heritage. 

( 2 )  A review of the available l i t e r a t u r e  should be made t o  ascer ta in  how other 

companies have been handling the subject  of hazardous wastes - par t icular ly  the 

aerospace waste generators since t h e i r  a c t i v i t i e s  and Rocketdyne's a re  s imilar .  
For example, TKW prepared a sixteen-volume repor t  fo r  t h e  EPA on recommended 
methods of reduction, neutralization,  recovery, or disposal of hazardous wastes 
( E P A  #670/2-73-053-a). 

( 3 )  Outside firms who are in good repute w i t h  the regulatory agencies should be 
a rough estimate 

, for  comparison with what might be necessary fo r  Phase I 1  of 

Profile. 

i t a l  equipment requirements for  Phase I1 should not be over- 
looked if serious considerations are made about performing the project  according 
t o  the fu l l  extent outlined in the EPA's SW 846 (Test Methods fo r  Evaluating Solid 
Waste), on  an in-house basis. This could ea s i l y  amount t o  $200,000 worth of equip- 

ment. Table 4 l i s t s  these. Although the B u r n  P i t  project i s  viewed as a "one 

time thing",  a l l  indications and leg i s la t ive  proclamations point t o  continual 

examination of things on-site in order t o  reduce the dependency on the unavailable 

outside comnercial disposal s i t e s .  

consulted as to their  

of the i r  charges, etc 

the Burn Pi t  Chemical 

( 4 )  The possible cap 

general approach t o  t h i s  type of problem and 



TABLE 4 - CAPITAL EQUIPMENT REQUIREMENTS FOR PHASE 11 

(PRELIMINARY ESTIMATE) 
(Provided t h a t  t he  dec i s ion  i s  made f o r  the work t o  be 
done in-house by t h e  SSFL Analy t ica l  Chemistry Unit)  

APPROX. COST 
$1 981 

Thermal Analysis Systems $32,000 

Ion Chromatograph 

Induc t ive ly  Coupled Plasma $80,000 
Atomic Emission Attachment 
f o r  the  Rocketdyne-owned 
Atomic Absorption 
Spectrophotometer 

Gas Chromatograph/ 
Mass Spectograph Computer 
Data + Tape Storage Systems 

PURPOSE 

Examine samples f o r  r e a c t i v i t y  
according t o  the Federal 
Register  - ASTM methods. 

Excellent screening instrument 
f o r  examining organic and i n -  
organic ions more quickly t h a n  
c l a s s i c a l  wet chemical techniques. 

Rapid-fire ana lys i s  instrurnen- 
t a t i o n  suggested by EPA but 
no t  cu r r en t l y  required because 
t he  whole package (aa+lCP) 
amounts t o  $1 30,000. 

To provide the access ib le  data  
base of samples, s tandards ,  
prof i l e s  a1 ready es  t a  b1 i shed 
a t  SSFL t o  use f o r  a l l  f u t u r e  
cases  a s  well a s  provide graph- 
i c a l  represen ta t ion  of informa- 
t i o n  gleaned i n  t he  event t h a t  
l i t i g a t i o n  requi res  such 
dec la ra t ion  o f  technical  data  
and performance of compliance. 



M A N P O k  R Program Burn P i t  Pha~, I 

P r o j e c t  & 
Task T i t l e  

START FUNDING 
I 
I + 1 

Choose Sampie S i t es  I I 
I 

I 
Samplinq Performed I 1 

I 

sample ~ r e p / ~ m j s s . ~ d e c .  I I I , I 

I 
Sample Ex t rac t1  ons I I I 

I 1 I I I 1 1 I 
1 I 

Metals Anal vses I t I 
I I 1 I I I ! ! I 

Volatile Analyses 1 I I 
I I I I I I I I I I '  

FINAL REPORT 



REFERENCE DOCUMENTS 
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Rockc!dyne Division ... ,. . . 
6G33 ~ a & s  Avcfiuc 

.Canoga Park. Callio~ n a  91304 Roclwefl 
Telex: G98478 International 

4 Harch I981 In rep1 y refer to 81RC02364 

Regior:al Water ~ u a l  i ty Control Board 
f"MR 12 1981 

107 S. Broadway, Sui te 4027 
Los Angcles, Cal i fornia 90012 

Attent ion: Mr. Raymond H .  Hertel , Exccuti v e  Officer 

Re: Inactive Burning and Disposal Site (File 81-18 

Gentlemen: 

Rocketdyne i s  herewith submitting the historical data pertaining to the 
inactive disposal site known as the "Burn Pit" which is located at our 
Santa Susana F i e l d  Lab .  T h i s  submittal is made in accordance with dis- b 

cussions with Kr. H. Yacoub and your letter dated February 19, 1981. 

To assist in. the assessnwnt of the si te, two information packages arc 
- being p r c p s r - c ? ;  first, :n provide historical background d a t a  lor the site, , 

-2nd rccnnd, to providc a \ : u r i  p l a n  delineating in d e t a i l  how the sits w i l l  
-be survc.yad e ~ d  ana i y z c d .  I 111s package contains the historical bachgroundl * -. 
of  the ar'ca.  / 

Vcry  t r u l y  yzurs, .  

Enc losu res  : ( 3 )  



' EPA 4-i 

Other of Water and 
h e  M n ~ p c m n ~  
Wmshington. DC 20460 

Test Methods 
for Evaluating Solid Waste. 

PhysicaI/ChemicaI Methods 
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TECHNICAL RE?ORT DATA 

m m r  w2d I h m r * n c - f  m r c r  r r w n c  Brlcrr co.r.*trnnrl 
~ Z > C R -  \ Z  1. . , ~ f , C l ? I E U i  S ACCE=.E~NO. 

v&605/2-8~-~18 . - 
- 1 7 ~ 8 .  An%= S;,DTlTLE 15. R E P O R T  D--E - 

S ~ m p l e r s  and S . a ? l i n g  P r o c d u r e s  For Fazardous Jrn~trj' %9€0 ( I s s u i x E  9 a t e )  

waste S t r e t a  P E R F O A U ~ ~ G  O ~ ~ ~ N I ~ A ~ I O N  c j o i  

Cal.ifornia D e p a r t ~ e n t  oi i i ea i ch  S e r v i c e s  
2131 b e r k e l e y  Way -- 
Berkeley, CX 96706 I ! 

U . 5 .  Env.!ron=encal ? r o c e c r i c n  Agzncy 
Chic 45268 

I Richard A .  C a  rnes , Pro j ec: Officer (51 3/E6$-787l), 

The goal  of t h i s  p r o j e c t  vss t o  dcve lcp  s i m p l e  b u t  e f f e c t i v e  sac?lLng equi?nent 
and procelures  tor  c o i l e c r i n g ,  h a n i k n g ,  s : o r i n g ,  sac! r e c o r c i q  s z z ? i e s  o f  hzzzr<cus  
L v a s t e s .  The r e ? > r t  e e s c r i b e s  a v z r i e t y  o f  s t q 1 i r . p  dev ices  d e s l g ~ e : !  t o  Elect :he aeeds 
of  t h o s e  ---!lo T E ~ U ~ Z C ~  and manzge h ~ z a r c o u s  v 2 s t e . s .  P a r t i c - l t r  es?nrs f s  i s  glven to 
:he develo;:r.enc o f  a ccnposire  I lcuFc!  w a s t e  szr.?ler, t 5 e  Col ivasa .  T h i s  s i q l e  d e v i c e  
i s  d e s i ~ n e d  f o r  cse on l i q c i l  a-i s e = i - l i q u i d  v r s t e s  i n  e variery cf ccnca inzrs .  tanks,  
and ponds .  Devices f o r  s a = ? l i c g  solic!s and s o i l s  rre a l s o  describeci .  

I n  add l : ion  t o  t h e  s z r p l i r ~ g  d e v i c e s ,  the r e p o r t  d e s c r i 3 e s  ~ r o c e t - ~ r e s  f o r  2evelop- 
nenc o f  a !;z.z?ling 3123, sz.r?le h a c t l i c g ,  sz fery  prececticcs,  p r s p e r  r e c ~ r 5 k e ~ = i n  . g 
a n d  chzzn af  c u s c o l y ,  a n d  s a q l e  con:ziz=ent, p r e s e r r l t l c n ,  a:C t r t r s p o r : .  Also 
discussel ;re cer:zin l k i c a r i c n s  231 ? o c e n c i a l  s o u r c e s  of e r r o r  t h z c  exes: 5 3  che 
ssn?ling ~ S C : T Z ~ : . :  and t h e  p r o c e t u r e s  .' The s r a t i s t i c s  of szq1Lng  arc ccve red  
b r i e f i s .  anc a i l i t i o n a l  reiere-ces ia c h i s  are= are gi-?en. 
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R E V I E V  NOTICE 

Sol i d  Waste Resea rch  Laboratory of t h e  Na t iona l  Envi ronmenta l  

C e n t e r  - C i n c i n n a t i ,  U.S. Environmenta l  P r o t e c t i o n  Agency h a s  

t h i s  r e p o r t  and approved i t s  p u b l i c a t i o n .  Approval does  n ~ t  

The 

Research  

reviewed 

s i g n i f y  t h a t  t h e  c o n t e n t s  n e c e s s a r i l y  ref lect  t h e  views and  p o l i c i e s  of 

t h i s  L a b o r a t o r y  or o f  t h e  U.S. Envi ronmen ta l  P r o t e c t i o n  Agency, n o r  does  

ment ion  o f  t r a d e  names bf comnerc i a l  p r o d u c t s  c o n s t i t u t e  endorsement  o r  

recormendat ion  f o r  use. 

The t e x t  o f  t h i s  r e p o r t  i s  r e p r o d u c e d  by t h e  Na t iona l  Environmenta l  

Research Cen te r  - C i n c i n n a t i  i n  t h e  f o r m  r e c e i v e d  f rom t h e  Gran tee ;  new 

p r e l  i rninary pages and new page numbers have been s u p p l i e d .  



FOREKORD 

Nan and his environment must b e  p ro tec ted  from the  adverse 
rlffects of p e s t i c i d e s ,  r a d i a t i o n ,  n o i s e  and o t h e r  f o m s  of po l l u -  
t i o n ,  and the  unwise management of s o l i d  waste.  E f fo r t s  t o  p r o t e c t  
the  environment r equ i r e  a  focus t h a t  recognizes t h e  i n t e r p l a y  between 
the  components of our  physical  envi ronmefit--ai r ,  water ,  and land .  
The National Environmental Research Centers provide t h i s  nu1 t i d i s c i  - 
pl inary  focus through programs engaged in :  

s t u d i e s  on t he  e f f e c t s  of environmental 
contaa inants  on man and t he  biosphere ,  and 

0 a s ea r ch  f o r  ways t o  prevent contaminat ion 
and t o  recycle  va luable  resources .  

Under Section 212 of Pub1 i c  Law 91-512, the  Resource Recovery 
Act of 1970, t he  U.S. Environmintal P ro t ec t i on  Agency i s  charged 
with preparing a  comprehensive r e p o r t  and plan f o r  t he  c r e a t i o n  of 
a system of National Disposal S i t e s  f o r  t h e  s t o r a g e  and d isposa l  of 
hazardous wastes. The ove ra l l  program i s  being d i r e c t e d  j o i n t l y  by 
t he  Solid and Hazardous Waste Research Laboratory, C f f i ce  of  Research 
and Development, t ia t ional  Environmental Research Center ,  C inc inna t i ,  
and the Office of Sol id  Waste Kanagement Programs, Off ice  of liazard- 
ous Materials Control.  Sec t ion  212 mandates, i n  p a r t ,  t h a t  recom- 
mended methods of reduc t ion ,  neu t ra l  i z a t i o n ,  recovery, o r  d i sposa l  
of t he  mater ia l s  be determined. This  determinat ion e f f o r t  has been 
completed and prepared i n t o  t h i s  16-volume study.  The 16 volumes 
cons is t  of p r o f i l e  r epo r t s  summarizing t he  d e f i n i t i o n  of  adequate  
waste management and eva lua t i on  of waste  management p r a c t i c e s  f o r  
over 500 hazardous ma te r i a l s .  In add i t i on  t o  sumnarizing t h e  def inf -  
t i on  and evaluat ion e f f o r t s ,  these  r e p o r t s  a l s o  s e rve  t o  des igna te  a 

- material as a  candidate  f o r  a National Disposal S i t e ,  if t h e  matt-- ia l  
meets c r i t e r i a  based on q u a n t i t y ,  degree of hazard,  and d i f f i c u l t y  of 
disposal .  Those ma te r i a l s  which a r e  hazardous but not  des igna ted  a s  
candidates  f o r  National Disposal S i t e s ,  a r e  then des igna ted  as  candi- 
da t e s  f o r  the i n d u s t r i a l  o r  municipal d i sposa l  s i t e s .  

A. W .  Breidenbach, Ph.D.,  Di rec tor  
National Environmental Research Center 

C inc inna t i ,  Ohio 
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National Transportation 

Safety Board maps present 

time-sequenced data from 

past spills for researchers, 

emergency response tea'rns 

"We need data," was the plea heard 
concerning hazardous materials 
transportation accidents. 

There  are  models showing how 
hazardous materials will behave in a 
spill. But "one equation says you'll be 
burned to a cinder. Anq!her says 
you'll be pleasantly warm. 

Tha t  coucern for data was ex- 
pressed in support of a new program 
that had just been described a t  the 
14th loss prevention symposium, held 
during the 88th National of 
the American Institute of Chemical 

Engineers in Philadelphia early this 
month. T h e  program involves devel- 
opment of hazardous materials acci- 
dent spill maps t h e  Xational 
Transportation Safety Board. 

The maps were devised by KTSB 
follnwing a 1978 special investigation 
tha t  indicated a need by researchers. 
mathematical modelers, emergency 
response personnel. and others for 
data  to support predictions about 
how hazardous materials could be 
expected to behave in an  accident. 
They are being developed under the 
office of Ludwig Benner Jr., chief of 
NTSB's hazardous materials divi- 
sion. 

T h e  idea of the  maps, NTSB haz- 
ardous materials safety specialist 
Rebecca A. Rote told the symposium, 
is to report observed behavior of 
hazardous materials in a n  accident in 
a standardized format. NTSB con- 
siders its current standardized way of 
reporting the data a s  tenrative and is 

soliciting comments and  suggestions 
from interested partierr. It expects to 

1 ropose a final standardized system 
y the end of this year. 
T h e  spill maps feature a time-se- 

qllenced display of dispersion pat- 
terns and ranges, weather at  thc times 
reported, injury/fatality exposure 
locations, and a synopsis of the accl- 
den t  scenario. 

Sn far, NTSB has published maps 
for five accidents: 

M a p  79-1: On D2c. 15, 1978. a 
railroad lncomotive s t ruck a tank 
semitrailer containing 75ud gal of l i -  
quefied anhydrous ammonia on a 
grade crossing near Boutte. La. The 
ammonia vaporized and formed a 
ground fog 30 t o  40 feet high trber a 
1000-foot radius within 10 minutes. 
More than 18 tons of anhydrous am- 
monia escaped during this time, ar.d 
ammonia cantinued to be vented for 
four hours after the collision. Three 
motorists within 200 feet of the 

Hazardous material spill maps record accident data in standardized form 



crossing died from ammonia inhala- 
tion. a l t h o u ~ h  the truck driver was 
not affected: 

hlap 79-2: On April 8, 1979, a 
train derailment near Crestview. Fla.. 
involved cars containing anhydrous 
ammonia, acetone, methanol, chlo- 
rine, phenol. darbon tetrachloride, 
sulfur, and urea. Flammable liquid 
and noxious gases were released 
through ruptures and punctures in 
the tank car shells, resulting in pro- 

ulsive venting and fire. Flammable I ? ,  iqurd flowed down a n  embankment 
toward a trestle and ignited. And an 
anhydrous ammonia car tank rock- 
eted, injuring a motorist 450 feet from 
the tracks. Rv an hour and a half after 
t h e  accident, winds had dispersed the 
escaping gas plume over a 15- 
square-mile area, extending 5 miles 
downwind, 

hlzp 79-3: On Oct. 24, 1978, a 
30-inch pipeline transportingnatural 
gas at  560 psi rupt.ured near Pearland. 
Tex .  The  gas was ignited by an un- 
known source, resultin! in an explo- 
sion and fire. The fire's initiation was 
described as having been wide arid 
low, gradually rir,ing as a column of 
fire between 300 and 500 feet high. 
T h e  blaze was est~mated to have been 
u p  to 200 feet in d.ameter. Six persons 
were killed and 4.1 persons were hos- 
pitallzed. 

bIap 8h I :  On Aug. 30, 1979, a 
freighter on the hlississippi River 
struck a ducked butane tank barge 
loaded with about 253.5011 gal r ~ i  l i -  
quefied pcstroleuni gas. l ' he  freiehter 
rul~tured 21 lea5t one o i  the tanks, and 
escaping LPG formed a vapor cloud 
t h a t  eng~llled the freighter and way 
ignited h~ an unknonm source. The  
burning gas formed n f~rehall hun- 
dreds of feel high that lasted le;s than 
one minute and ignited combustibles 
o n  the freightrr, tile dock. a tu\vboat. 
and  the  ncart~y shorelir~e. Of 31 per- 
sons hospit.~jized fa~r burns, nine died. 
Three bod.rs \\ere reco\.errd from the 
river, 

I hlap 60-3: On N ~ L - .  13. 1979, a 
train derailed near I n u w d .  Ind.. and 
flaninishlr and corrusl\e products 
leaked !run eight breached tank cars. 
A small fire was nured lacer at the 
dt.railnicrit S I I ~ .  The derliiltd cars 
containrd ac~ , t i c  anhydride (leaked). 
hu ty l  crliuwlve (Ieakedr, butyl 
mr.~hacrylhte. erhyl acryiate (leaked), 
e th \ , l  chlwide. ethylene osidc, iso- 
b~: tyl  alcuiio! (1r:iht.cil. nit.~hacryIlc 
ac~cl  (It  a k d  I ,  prop\lc.~lc nsphth.3. 
p r1 .1 . J  i t  ,-,, o \  .~!:~x~i h.,,(irt8)i,4..., 

, . 
: ~ : l , l  1. II.,? I < I .  : ; ( : ~  . \ , < I : ; ; .  r(.:,-, : s : :  

r r ] ,  t r~e( l  !; : ~ , I ~ I I , I I ; :  o! n,~::?ea. I I ~ , : , ~ .  

a chr .  d1;.7111c-h. i<atc.rlnE eyes. bur11- 
i r ~ g  thrust, 17,i>ai Irr~tiiti1111. conges- 
tirbn, a n d  ti;t>tnt.s, in  the c h c s t ,  in 
a d d i t ~ r > l !  ~ I I  all "~~liric~?.irru<. ac,id.~!.pe 
odljr." 11: :~d(!i~i"r. to airllorrw and 

surface effects the release led t o  sub- ' 

surface effects as t h e  chemicals 
leached into the  soil.  

In its 1978 investigation, NTSE 
heard from emergency response per, 
sonnel, who reporied problems en, 
countered in developing pre-emer, 
eency plans and making tactical de. 
cisions during emergencies such as 
these. For  preplanning or on-scene 
decision making ,  Rote explains, 
emergency response personnel need 
answers to five questions:, f here is 
the hazardous mater ial  or containel 
likely to go if released during the 
emergency? W h y  is the hazardous 
material likely to  g o  there? When is 
the material likely to  go there? HOW 
will the material get there? What 
harm will occur when  the material 
gets there? 

T o  meet users' needs, NTSB es- 
tablished some basic criteria for map 
base choice, information content. and 
layout. I t  considered essential a map 
base with a uniform scale, available 
nationwide, at low cost to all users. 
For this purpose, it chose the US. 
Geological Survey 'ill2-minute series, 
1:?1,000 scale, topographic map series 
as the standard mapping  base. The  
standard also provides for scales of 
1:17.000 or 1:6000 to permit reporting 
of small release patterns. 

In mapping, R o t e  paints out,  time 
sequencing is important  for emer- 
gency response personnel. Conse- 
quently, maps try to show the grott-th 
of the hazardous material dispersion 
pattern. changes in  area affected due 
to environmental conditions such as 
wind direction, changes in number of 
people affected, o r  other chan, -es ln 
the hntardou: material behavior that 
affect emergency response actions. 

Both surface a n d  airlwrne effects 
are displayed from observed data, 
supplemented by estimates su,o:es~ed 
by comments of \vitnessis. r\ shaded 
area is used to shwv esrimared surface 
eiiccts, with sotid lines enclusin; ob- 
servgd surface effect partern,. .A 
dotted line represents the boundary 
of airborne effects, and a dashed line 
the observed boundary. 

LVeather conditions a t  the times 
mapped are  displayed in a block in- 
dicatine wind direction and speed. 
sky condition, prccipitntinn. visibility, 
ard air temperature. .An x.1. coordi. 
nate grid systcni is used to pinpoint 
rht  locations of ia tal  expoures.  A I I ~  
dtascrip~~ve daia a h o u t  the accident 
3 r ~ .  pr(~\.idicl in a t)01 c t ~ n : ; ~ i n i n ~  r\.pe 
1 1 1  i ~ ; i  I(!~,::L. d.31~ 211d rirxc. o f z ,  t . i i i t  !.,:. 
 XI;,^ t - i t  !;I L . I , G ~ ; : ~ L \ L c I .  ! ] ! i s ?  ~ ! l i : ' ~  
; I > ~ I I ~ :  hiizarduas rnater in l  ri.it::.t;. 

prlduct rrlc;~scd. mar) base, and map 
scnle 

NTSB expects t h e  spill maps to 
t ~ n d  a n u n i b ~ r  of applications-lor 
csninple. 1ut1dc.l veril~rntion. releast 
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comparisons, and hccident simula- 
tions. -41~0, Rotc p&ts out, mapping 
may be expanded from recording re- 
leases due to transportation accidents 
to mapping other types of releases, 
such as a t  storage or manufacturing 
facilities. Regulatory agencies might 
also find the maps useful. 

NTSB expects t h a t  in t h e  future 
spill maps will aid on-scene response 
activities. Stored maps and associated 
d a t a  could be rechlled a t  a one-call 
information center to help local 

emergency personnel during an actual 
emergency. 

Although KTSB is preparing the 
maps now. it expects that eventually 
it will be necessary t o  establish a 
clearinghouse for map publication 
and distribution. The  Safety Board, 
Rote points out, isn't equipped t o  
handle such a large project, which 
would likely include maps for non- 
transportation uses. Thus, public or 
private agencies may have t o  share 
t h e  task. 5 

Changing priorities may reshape oil refineries 
Before crude oil prices soared in t h e  
mid-1970's, a popular technical ex- 
ercise was depicting t h e  petroleum 
refinery of the future. I n  addition to  
being a source for t h e  usual mix of 
fuels. the future refinery was often 
viewed as a source of an ever greater 
number of feedstocks and  even some 
consumer chemicals. T h e  trend would 
be toward bigger and more complex 
refineries serving a greater variety of 
customers. 

T h e  tendency t o  depict the refinery 
of the  future ~ e r s i s t s .  but  the  obiec- 

there may be  some minor revolu- 
tionary changes as  well. 

The high cost of crude oil. Murphy 
says, will require that a minimum 
amount of crude be processed for a 
given product output.That could pose 
some stringent technical require- 
ments for designers. Future product 
demand will be almost entirely for 
transportation fuels nith a minimum 
productiun of etrochen~ical feed. 
stocks. That's t i e  exact o ~ o o s i t e  of 

Ozone contribu!es nolhiny but 
oxygen to the oxIdation process. 
Leaves no thm~ bul oxygen to deal 
1 ~ 1 t h  No compltcsted res~dues, tno 
disposal hes3aches I t  s as slnple 
as 20+30, 

the usual assumptict~ts a decade axo. 
There certainly will he no by-prod- 
ucts with a market value less than 

- . that  of the parent crude oil. 

01: grams/hour to tons!day. I 
Welsnach make? a full l~ne of szon-  ' 
ators for produc!:on frcim 2 lev; I grams mr hour for lab fi&D tc :3n- I 

na je  q u a ~ l ~ t i e s  per day for chern~cal I 

processing. witste +rea:rnent. end 1 
cdor cmlro l  F'md out ;?ore: 
requasl our free 

! 

lion. 2'400K VJe5:- 
rnorf:a?j  S: 7- i 
PI, 1p.25 @:!:-c 
215-226-5Lf23 
TEIEA 851756 . I 

0,: higher polenha1 than 
perrnanganak. 
Higher than IEroxide than 

Crude - 

manager of'prbcess technolog? for Residual fuel production will be 
Pul lman Kellogg. addressing Petro- discontinued aliogether. he say:. 
tech-80 in Anlsterdam late last Future refineries will have consider- 

Atmosohe:ic residue 

chlorine, H:gher than chromicacld ! month. noted that petroleum refiners able hydrngenat.ion and desulturiza- 
and in the future will he processing heav- tion capacity, hut the hydrogel1 to  

mnsumed on-site, with ier, more viscous crudes containing feed it no longer will come t ' r~~m stearn 
no s,oRge or 1 nmre contaminants. Some e\-olu- reforming of naphtha i ~ r  light hydro- 
t,anspcrtprob- I tionary changes in refinery configu- carbons. Instead it lvill come from I ration will be required, he says. but residual asphaltenes or pitch. 

Refinery of future will process atmospheric residue to fuels 
01: no residues, no poliut~on. 



!t's easy to write on this white slrip with an ordinary ball-point pen or pencil . . . eliminales the 
cost of special felt tip pens and labels. The ball-point pen makes writlng more legible end 
identification easier . . ink stays on longer and there are no labels to come off. - 
To asslst In volume control, the top of the white strip can also be used as a fill line. On the 2 o r  
beg, the top of the strip is the 2 oz. fill line; and on the 6 oz. bag, the top of the strip is the 4 oz. 
f i l l  line. All fill lines are approximate. 

These Whirl-Pak bags are made of heavy, transparent polyethylene, and are ideal for milk, waler, 
and food sampling. Whlrl-Pak bags are sterilized, easy to store, disposable, and economical. 

mllh samples 
for aulomalecl 

e q u ~ ~ m e n t  

m~lk  samples. 
packaging 

fill lrne 

1 '/, - 1 3- 
w h ~ l e  slrip 

milk samples. 
water samples 
lood samples 

500 per box - 10M p e r  master on 4 ,  2, and 6 oz. 
6M per master on 18 oz. 

2" * 4 '/a - 
whde slrip 

. - - . . . - . 

mflA samples. 
food samples. 

powder samples 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

y4R 1 3 1381 

s i . 8 ~ ~ ~ ~  i i 'p t ionwide 'hpproval  f o r  t h e  Use of  NASCO Whirl-Pak Bags 
. .I . - - _  ( . :  " : - A  

V i c t o r  J. ki~m, ~ e ~ u t ~  A s s i s t a n t  A d m i n i s t r a r o r  
Fe'I)Y off i c e  of Drinking Water (WH-550) 

A 1 1  Regional  Admin i s t r a to r s  
T 0 

L i s t e d  below i s  an a l t e r n a t e  method of c o l l e c t i n g  p o t a b l e  
wa te r  samples u s ing  a p roduc t  which I have approved f o r  
nationwide use for  "Na t iona l  I n t e r i m  Pr imary  Dr inking  Water  
Regu la t i oc"  (NIPDWEl)  compliance m o n i t o r i n g ,  t o t a l  c o l i f o r m  
b a c t e r i a  only. 

Data provided  t o  and s t a t i s t i c a l l y  a n a l y z e d  by t h e  Envi ronmenta l  
Moni tor ins  and Support  Labora to ry  (EMSL) i n  C i n c i n n a t i  
have showr. t h a t  t h e  p roduc t  i n  q u e s t i o n ,  when used i n  acco rdance  
w i t h  t h e  r r anu fac tu re r ' s  i n s t r u c t i o n s ,  w i l l  meet t h e  c o n t a i n e r  
s p e c F f i c a t i o n s  con ta ined  i n  S t anda rd  Methods. 

Measurement: T o t a l  Col i form B a c t e r i a  

S t e p :  Sample C o l l e c t i o n  

P ~ O ~ U C ~ : ~ N A S C O  Whirl-Pak s t e r i l i z e d  Water Sampling Bags 
c o n t a i n i n g  sodium t h i o s u l f a t e  

' ~ h i s  product  i s  a v a i l a b l e  from NASCO; 9 0 1  J a n e s v i l l e  Avenue; 
Fort.  Atkinson,  Wisconsin;  53538 

cc: F:egional Water Supply R e p r e s e n t a t i v e s  
Robert  L. Booth, Act ing  D i r e c t o r ,  EMSL 



, & o L ~ ~ s .  .. 
THE HANDBOOK OF 
HAZARDOUS WASTE 

MANAGEMENT 

b Y 
Amir A.  Melry, Ph.D., P.E. 

a ' ~ ? E c H N o M I c ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
TECHNOMIC Publishing C o . .  Inc. . 265 Post Road Wesr .  Wesrport.CT 06880 





CAPITAL EQUIPMENT REQUIREMENTS 

CURRENTLY PROJECTED FOR 

PHASE I1 



T A B L E  4 - CAPITAL EQUIPMENT REQUIREMENTS FOR PHASE I1  

(PRELIMINARY ESTIMATE) 

(Provided t h a t  t he  dec is ion  i s  made f o r  t h e  work t o  be 
done in-house by t he  SSFL Ana ly t i ca l  Chemistry Unit) 

APPROX. COST 
$1 981 

Thermal Analysis Systems 832,000 

Ion Chromatograph 

Induct ively Coupled Plasma $80,000 
Atomic Emission Attachment 
f o r  the  Rocketdyne-owned 
Atomic Absorption 
Spectrophotometer 

Gas Chroma tograph/ $55,000 
Mass Spectograph Computer 
Data + Tape Storage Systems 

PURPOSE 

Examine samples f o r  r e a c t i  vi t y  
according t o  t he  Federal 
Register  - ASTM methods. 

Excellent screening instrument  
f o r  examining organic and i n -  
organic ions more quickly than 
c l a s s i c a l  wet chemical techniques 

Rapid-fire a n a l y s i s  instrumen- 
t a t i o n  su e s t e d  by EPA but  
not cu r r en t  3- y required because 
t he  whole package (aa+ICP) 
amounts t o  $1 30,000. 

To provide t he  a c c e s s i b l e  data  
base of sampl e s  , s tandards  , 
p r o f i l e s  a l r eady  e s t ab l i shed  
a t  SSFL t o  use f o r  a l l  f u t u r e  
cases  as well a s  provide graph- 
i c a l  r ep re sen t a t i on  of informa- 
t i o n  gleaned i n  t h e  event  t h a t  
1 i  t i g a t i o n  r equ i r e s  such 
dec la ra t ion  of  t echnica l  da ta  
and performance of comp;iance. 



I lherc  highly reactibe huardous  substances arc substances which: 

I 1. Au~opol)merize 
2. React vigorously with air o r  water 

J J 1 3. Arc unstable ai th rapccL to heat or shock 

I 4. Are strong oxidizing agents 
5. React readily to give off r o i c  fumes 

1 6. Me explos~vt 
These caregorier are not discrete, but overlap. For instance. somc peroxides would fit four of the above categories. 

4 9  there categorics (cxccpt 4) usually rcquirc an ex tcmd impetus to precipitate rhc reaction either in the form or 
' mugv as a "shock" or rhe add~tion of an initiating agent. - - *---- One common link amone highly rcsctivc substances. a n d  an irnponant reason for their hazardousness, is that 

C - 
thrir rcacrions can cause the iormarlon o i  stccp ternpcraturc or pressure gradients with rime. There are standard . .- 
methods of testing for and measuring these effects. Diffcrcnt~al  Thermal Analysis DTA (ASTLt E475) is one pro- 
c e d ~ ~ r e  that can be used to identify wastes which give off large amounts of heat when reacting. The procedure con- 
sists of confining the sample in a specially designed vcsscl cqoippcd with a shicldcd thermal-couple. 

THE HANDBOOK OF 
HAZARDOUS WASTE 

MANAGEMENT 

by 
Amlr A. Metry, Ph-D., P.E. 



Industry 

21e~1ca ls  
Clay Mtnorals 
Coal 

Educarlon 
Elaslomers 
Electi~cal 
Elfctron~cs 
F~rtilizers 
;!lms 
Food 
Glass 

Typical Application 

Car%n Ftoer Lam~nates 
Ana yze "!asl!c H o u s ~ r ; ~  
Characrer;ze ?olypropi;lsne 

Ir!ev:r Pane!s 
Pka ;e ~ransmoi  In Ltplds 

Lcs!, of Warer ~ r ,  Cerrenls 
ii idrat IOP Forms 

phat,e O ~ a g r a ~ s  and Stabtl~ly 
Proc~c I  Control Compos~r~on 
Corvkusrion Analys~s and Coal 

Cmvers~or Research 
ABS In Tzleahones 
Slab!lity of Plaslic Componen!~ 
Plas IC H o u s r ~  and Plumbing 

M 31ertals 
E m  y Coatin!; on Alurnlnum Cans 

Melmg Cha!acterisrics of Butter 
Tern:~era!~~re Slabtl~ty of L ~ q u ~ d  

Crvsrals 
Spec l f ~ c  Laboratory Projects 
Glass Transition Temperalures 
Oxld3!!ve Slabtltly of lnsulatlon 
Epo>y Soider. Insulation 
Decomposlton ol Fertlltzers 
Me1117g of Polyester Ftlms 
Sol10 Fat Index of Fats 
Softmng Polnl 

Industry 

lndependenl 
Research Labs 

Inofgantc Cherncal 
Inslrunenls 
Medtcal Dev~ces 
Melals 
Non-Ferrous Metals 

CMce Equtpmenr 
Orcanlc Chemlcais 
Packaging 
Pant 
Petroleum 
P3arrnaceul1cal 
Photog'raphc 
Plastics 
Polymers 
Power Tools 
Pulp anc -aper 
Restns 
Rubbe: 
Semconduclors 
Steel 
Sporl~ng Equipment 
Textiles 
T~res 
Waxes 
W~re and Cable 

Typical Application 

Conlrac: Research 

Thermal S!abhlt); 
Pr~nled Cirzuit Boards 
Coalincs on Implants 
Mellmg Polr,ls. Phase Diaqams 
Prolecr~,~e Coamgs 
C w n g  01 Toner R P S I ~ : ~  
Melhng Fonts. Thermal Slab~lily 
Analyze Polyethylene 
Solvent Loss. Sofrening Po~nt 
Cloud Pctnl and Pour Point 
Purity. Stabilny. Phase Dagrams 
Characlenze Polyester Fdm Base 
Melting Points Glass Transitions 
Eflecl of Addntves and Fillers 
Magnet W e  lrsulal~on 
Free and Bound Water 
Effecl of Catalysts on Cure 
Glass Transition Temperature 
Curtng of Encapsulating Malertals 
Stress Aeltef 
Rel~abihty ol Nylon Tenn~s Strings 
Efiect cjf Flame Relardants 
Sulfur Cross-L~nking of Rukber 
Meltlng Profiles. Cryslallln~ty 
Cross-L~nk~ng of lnslulal~on 

Why you should want to know more about Thermal Analysis. 

Thermal Analysis lu one 01 the fastest growing instrumental techniques. Thermal Analysis is used in many 
industries including pharmaceutical, plastics, fertilirer, food, electrical and  electronics, aulornotive, aerospace, 
packaging, metals, and energy, and In universities and research inst i tutes It is used on virtually every type of 
material including plastics and rubber, metals, glass and ceramics, organic and inorganic materials, and bar 
hen found invaluable for research and development and quality control. 

Find out more loday. Contact your Perkin-Elmer Thermal Analysis representative. 

f 3  



NEW 
FAST RUN ANION COLUMNS 

CUT STANDARD ANALYSIS TIMES IN HALF 

Results 

Higher Sample Throughput and Lower Cost Per Sample 
analyze 44 samples per channel per &hour day - as many as 400 individual anion determinations 

0 Sensitivity is Increased Up To A Factor Of Three For SO, and NO, 
less sample is resuired per injection 

Improved Selectivity 
e.g., sulfate and oxalate can be separated using a single column in 8 minutes 

Some typical chromatograms follow: 

OLD ANION STANDARD 

b A b  
M W  

NEW FAST ANKbN STANDARD 



I .  

, By T.J. Hanson and R.D. Ediger  

xnd ~ t o l n i c  ahsorplio~l spectro- 
~ u p t .  (.:\AS) Jrc co~nplcmcnrary 
techniques, i t  was felt that a 
t hu rwgh  e!iamination of both 
~cchniques and their relaricmr;hip 
to tach othcr would :)rorc uscful. 
Such a study would have two pur- 
p u ~ ~ .  ro cornpare th2 advantages 
; ~ n d  d~.;advantages c;f each trch- 
lilque and tu dcterm:nc (he fcasi- 
bil~ty of cornbilling ICP and AAS 
~n a cingle inq;trumen,. The results 
oi this study and the ievelopment 
of a n  instrulncnt for performing 
A.15 and ICP are reported here. 

Coriiparrson 01- A AS and ICP 

Brcause inany papers have 
becn wrltten on both A A S  :and 
ICP and excellent rtview papers 
are available on ICP emissions1-' 
this report will not go into the 
fundamental details of what a 
pla,5n1a is or how i l  works. In- 
cteacl, i t  will examin,: closely rhc 
rclntior~d~lps twlwet n the two 
t c c l ~ ~ i ~ q ~ ~ c s  ; ! I I ~  llow tl~cy can bc 
~iscd to co~ i lp l c~~ lc r i~  cach othcr. 

A ton i~c  abqor ptior is the older 
of [he two techniques, dating 
bach to I955 when Sir Alan 
b'alsh first rcpurted on AAS as 
an analytical tool.' 4 consider- 

ahle arnuunt of material writren 
since then has made AAS ex- 
tremely well documented and 
easy to  use o n  a routine basis. De- 
tailed methodology cststs  for 
most kinds o f  applicalions. The  
development and growth of ICP 
emission have occurred more  re- 
cently. The information avail- 
able, particularly in te rms of ap- 
plications, is less comprehensive. 
but is increasing as m o r e  lab- 
oratories acquire ICPs. The  re- 
view articles mentioned earlier 
include references to a la rge  num- 
ber of papers dealing with ICP 
emission and applications. 

The greatest analytical capa- 
bility of ICP  emission is that re- 
fractory elements such as boron, 
p h o s p h o r u s ,  t ungs t en ,  zir- 
conium, niobium, and uranium 
are determined very easily. These 
elements can be determined by 
AAS only a t  high concentration 
levels. Even the developme~lt  of 
the graphite furnace has not  elim- 
inated o r  changed this problem 
significantly. For most elemcnts 
the detection limits for the ICP  
are somewhat bcltcr lhan for 
f l n m  A A ,  ~ I I I  not ncarly ar goud 
as for graphits I'urnacc A A .  

Bccausc ol' Ihc cxlrcn~cly lligll 
temperatures and long residence 
times associated with the plasma, 
1CP ern~ssion is noted f o r  its lack 
of matrix ~nterferences, known as  
clwmical interferences in AAS. A 
classic illustration is the  dcpres- 
sion of a calcium signal by alumi- 
nurn or  phosphate in f lame AAS. 
In ICP erriission [his depressive 
effect I S  not not~ced until the con- 

centrations of the in t r r fmng 
SPL'C~KS are much higher. The 
intcrfcrcnces that are observed 
may aclually be due to physical 
efircts w c h  as viscosity rather 
than IL cbcmical effects. Another 
con inon  tlame AA interference 
is caused t y  ionization of easily 
ionized species such as  the alkali 
rnrtals. With ICP  emission the 
degree of ionization is controlled. 
and ionization interferences d o  
not appear to be a problem. With 
AAS, these interferences have 
been identified and in general 
they a re  very easy to control. The 
main advantage of ICP  emission 
in rhis regard is that no  special 
sample preparation is rcquired to 
control chemical and ionization 
interferences. 

Until rccently most ICPs have 
been designed to perform simul- 
taneous multielemenl analyses- 
as many as 60 elements simulta- 
neously. For applications in 
which a large number of elements 
are t o  be determined in each 
sample, this is by far the quickest 
way to run samples. Because the 
plasrna ilsclf is an  optically thin 
crnission source, the linear work- 
in€ rangc associated with.ICPs is 
around four to  six orders o f  
magnitude, which means that the 
determination of trace to major 
consliruents can be performed si- 
n~ultaneously with the same sam- 
ple preparation and dilution. For 
laboratories in which [tic same 
typcs of samples are always run, 
a system such as  this can be use- 
ful. 

Howevcr. for many laborator- 



Why  hub ncw L.~b\vatory ~ I w . w x e .  porcelain or plastic 

You cJn c l a n  your old ones with 

R D S  1s J prwen clearling agent and remo-,es - Polymer Resins 
Org~nic  X1at:nals " Silicone '. Greases ' 011s ' Traces o f  

Rd~o-Isotopes ' Aplezrnx 0 1 1 s  :tnd Greases Partially Carbonized 
Fad Residues Blood Tars Tenacious Prrcipitatcs ' Cedar Wood 
011 Cxnada Balcam. 

R D S  i.; harrrilrss to A i n  alld clothing, IS biodcpradable, has no odor and 
IS ccont~m~c;~l to uw 

Tert it ynursclf and you w i l l  be surprised at the excellent results! 

I 
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SCANNING POROSIMETER" 
-- - r---- 

! 
l r J /  THE MOST ADVANCED 

I l l  
- F--- POROSIMETER EVER 

I 
I 

I I. ,? L - I -  - I- 
DEVELOPED PROVIDES 

f i i  1 INFINITE RESOLUTION! 
1 I 
7 1 

i n WE CHALLENGE ANY1 'CONNECT THE DOT" 

J 1 POROSIMETER TO M A T C H  
L . , , , n . . t  r SCANNING PORDSIMETER CURVES! 

Pci'e size d~sLr~but!on me,3surements 0-60.000 PSI ~ncludlrig full 
~ n ~ r u s ~ o n / e x c r u ~ ~ o n  C U ~ U I ? ~  In 5 m.nutes plotted on an X Y  Recorder. 
Con:~nuous data un boch .%ws rattier than a s e w s  of polnts. 

r %re uolunes m e w r e d  vs pressure or dtrectly vs. pore r a d ~ u s  
.r No r i i e r c l q  conipresstb~l t y  or blank correctlor) requred  
sNu 011, mercury ii~11xLure5 to clean up 
r No tools .I:uL:II.~~ All ~~~~~~~~e seals ni,rde w t t i  t w o  11nyel.s 
* I\,l~c~~onrr:ce:;sor dam red ~ c t l o n  for plots of volume and area dls- 

tributlon functlun!;. - b voltlme,,surface area and slope. 
0 o n . t  M a k c  A M~..cake-Belare Yau B u y  Ki Porasrmctcr See Ours-Compare!" 

CORPORATION POWOER INSTRUMENTATION 
SIX A e r ~ a l  Way. Syosset.  N Y  11  791 o 51 6-935-2240 

' Pa?r' ,rc, l  Telex: 422620 
I 

Circle Reader Service Card No. 92 

SPECTROMETRY conrinued 

0' 
i e s  new and different sample 
types must be run. Using a direct 
reading spectrometer, the anal!-st 
i s  llmited to running elements and 
sample lvpes that were identified 
at the time o f  purchase. A need 
has arisen for in\trurilcnt; [hat 
use the ICP 3s n .iotiicc but have a 
scanning rnonochrom~to i  rather 
than a polychrornator. Both 
Fassel' and B o u r n a n s 9 a r . e  
recognized the need ior and place 
o f  sequr.~\tial ICPs. Acllrect-read- . 
ing spectrometer i s  inflexible not 
only i n  ternis of {he elemenls i t  
can determine but also the wave- 
length i t  uses Tor each clement. 
The best emission line for boron 
in water i s  not the hest 01-e for 
boron in  stccl because o f  spectral 
interferences from iron. This is 
true for many other elements as 
well. 

The problem o f  spectral inter- 
ferences is one that generally has 
been ignored by most ICP users. 
However, several corllrnon 
spectral interferences have been 
identified.' T w o  are shown i n  
Figure I .  This does not present a 
problem with a sequential ICP 
because other wnvdengths, either 
ionic or atomic in nature, can be 
used. Atomic absorption spectro- 
scopy, however, is relatively free 
o f  spectral interferences because 
the emission source is either the 
elerncnt o f  interrsc plus a f i l l  gas 
or. a t  most. scveral elements, 
when multielement lamps are 
used. Therefore, i t  is easy to iso- 
latc a given resonance peak and 
pcrrorln quantitative analysis 
ircc f r i m  po\\iblc spcciral i~ j t c r -  
fcrcnccs. Atomic absorption has 
always had the advantage o f  spe- 
ciiicity. 

An additional advantage o f  
AAS has been the relatively low 
cos{ of the instrumentation in  
comparison to  the costs o f  lCPs 
with multichar~nel capabilities; 
many laboratories unable to af- 
ford lCPs turned i o  AAS. I f  the 
number of elements to be drter- 

-P6 



SPECTROMETRY c o n t ~ w e d  

background correction measure- 
ments belnp made at dl f ierrnt in- 
rr \ .aIs on ea,:h ride o f  the peak to 
Jttr.rn!lnt basr'ltne position ac- 
iura l r i ) .  

I r  l i  appa-el:[ tha: orlc Instru- 
rnelit may bc uicd for both AAS 
and ICP crni,sron, it' the .AA 
nlcets certain >pecifications. The 
basil: cornlxnrnts o i  an AA o- 
wntiall) drc thr samc as those re- 
quired for erni8;sion. The only dtf-  
l'c'rer~ce 1 5  t l u t  Ah:,  requires a 
iight rource and c.1 i i t r ion does 
rior. &lost . \ A s  have the capacity 
to prrform A4 and tlamr ernis- 
slon. Howe~e:. when an ICP is 
used as an ernl\sicrrl !#ource. some 
of the opr~cal rcquiremen!s arc 
changed. For [ + i s  rel ion. not all 
,.\..\r a n  be u\ed for AAS and 
ICP. 

T o  pr;fo.:n~ the rests com- 
paring :\AS. and ICP, an in- 
reriace was h ~ l t  to ~ransier I~p t i t  
rrom !he. IC'P to a model 5000 
~pcctrophotometer (Perkin-El- 
mer). The SNX) was designed to 
incorporate I.he ieat~kres required 
lor ICP rlni5c;on. I t  has a high- 
dispers~on nlorlochromaror w ~ t h  
3 ~ C S I ~ ~ O C B I  linear cispersrvr~ o f  
0.65 nm/mn In thc first ordcr 
arid a resolution o f  -0.03 nm. 
With ICP i t  is ~mportant to hake 
good resolul.lon because o f  the 
large number o f  er i~rs ion l~nes 
presenl. The f x t  th.it an ICP is 
sucll s aood solrrce ueatss proh- 
lems in term:; of beirg able to re- 
sillie [he ynalytically useful crnir- 
slon I111r.s from [he other lines. 

The instrument grating is 
driven by a cliptal stepper motor 
i n n ~ r n l l r d  by the built-ln micro- 
cornpurer. T13 perform ICP work 
~ .~ t l s fac ro r~ ly  I! I S  I nportanr to 
ha\? rlle canlrol 3!id accuracy 
rlmr only a computer and digital 
i!epprr motor can provide. 
Uecause there dre so many cniis- 
sion lines prescnr with a typical 

Figure 3 The ICP sy s t em,  includmq the torch assembly  and power supply, 
autosamplers, a n d d a t a  system. - 

sample, the wavelength setting 
must be very accurate in order to 
find :he correct peak. This is :rue 
for any sequential ICP i f  i t  is to 
be operated i n  an automatic 
mode. 

Stray ltght and the problems 
associated with i t  have been dis- 
cussed in  detail by Larsen et al.' 
A major source o f  stray light. 
known as Rowlsnd ghost, is the 
imperfection i s  a ruled grating 
caused by periodic errors i n  gral- 
irig groove spacing. These crrors 
are a rcsult o f  mechanical irnper- 
fcctions i n  the ruling engine used 
ro make th2 master gratings. 
These imperfections and thc 
Rowland ghost can be eliminatcd 
by using holographically record- 
ed gratings. Holographic gratings 
are produced by using an inter- 
rcrence phcnornrnon impinged 
on a glass platc with a n  opricaily 
i lat surface coated with a photo- 
sensitive material. Gratings pro- 
duced in  this manner are free o f  
periodic errors in  groove spacing 
and also exhibit low levels o f  
to1:t1 scatrcrrd light. 

To  ~nalntain optical efficiency 
lo r  optimum AA performance, 
the holographic grating is  blared 
at 210 nrn and designed for use 

between 175 and 465 nrn. I n  this 
wavelength region the op:ical ef- 
ficiency is very close to that o f  a 
conventionally r i ~ l e d  grating 
blazed at 210 nrn. Above 465 rim 
a ruled grating blazcd at 580 nrn 
i s  used to provide optimum per- 
formance in the visible region. 
Because very few elements are de- 
termined above 465 nrn and stray 
light is not a significant problem, 
a holographic grating is not re- 
quired. 

For easy switchover from AA 
to ICP, the system (Figure 3 )  was 
designed with the ICP perrnan- 
cntly mounted on one end. The 
graphite furance or burner for 
llame .\A i s  mounted in  the nor- 
mal position for AA. Changeover 
from AA to ICP is nchleved by 
turning a knob. A n  optical inter- 
race to transfcr cmisiion from  he 
ICP l o  the monochromator was 
installed between the [CP and the 
5000. The viewing height o f  the 
plasrr~a i s  controlled at the inter- 
face. With this particular torch 
and configuration the mos i  com- 
rnon vicwing height i s  approxi- 
mately 15  mrn above the coil. but 
this can be adjusted as needed. 

The instrument i s  capable o f  
having the entire optical path 
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Figure 1 Two exsmples 0 1  soectral rnlerlerences ;wth ICP a)  The drrect l i n e  
cornc:d+nce o t  ~cadmrum a1 T28.802 nm and arsenic at 229 B l ?  nm. and 3) a 
near speclral over la^ sf  rnaglesrum ar 202.53 nm and zlnc ar 202.55 nm. 

rnincil $11 sail1 \~ rnp le  i! sma11, 
.A..lS 1 5  not only less c > p e ~ ~ s i ~ c  
~ U L  I.I\LC: 

Some ~r~aly l icc l l  problems nl,,o 
can  bc  c3l~c.d marc read;\): wi:h 
AAS than \.~th ICP I f  h ~ g h  pre- 
cision ( C V  (i) 3 r ~ )  ,s desirrd ior  
an ~nal>sis. I'lamc : \AS is  he 
rnerhod ot  choice. ..\lthol~gh SIS- 

nif~cant !rnprobrnients have been 
made In \ample i r i t r , i ~ l u c I ~ o ~ ~  ivirh 
LCPs, precision ) t i l l  remains 
poorer than with Ilame . \AS (CV 
of 0.5 ro l.Uu'o for ICP).  .A5 

further progreh3 is made in un- 
derstanding rhc fundamentals o f  
ssrnple ~ n t r a d u c t i o n  and 
ato~n~rar ion proctsxs with ICPs. 
this precision difference may be- 
come progressively ma l l c r .  

One of the biggesr ad\.antages 
of &\S is its ability LO u ie other 
types of atomization ,>ources. 
such as graphitc lurnai:cs and 
rnercury:hydride shstern:,. Both 
al1ern;lte sources have greatly 
lorvc.rcd clcrrcrion I~mi ts  for els- 
merits that can bc delsrminrd 
w ~ t h  rhern. Wi th [he graphite Fur- 
nacc, detection limirs are .IS much 
as L \ \ O  orders o f  rnagnitutie lower 
than with ICP emisjion. In addi- 
(Ion, microliters o i  ~ar rp le  are 
used a s  opposed to [he 1. 2 rnilli- 
lircrr riorrnally uscd with I n  ICP. 
lU dcsircd, in  some SI  untioris 
so l~d samples can be run directly 
in the graphite ft~rnace. 

I n  environmental chemistry 
there IS a great deal of interest in 
determining mercury. arsenic, 
and selenium. Thrse dements are 
best determined by using a mer- 
curyihydride generator u i th  a n  
AA.  The capab~l i ty o f  At\S to be 
used w i t h  these aiternate 
a ~ o m i z s ~ i o n  systems gi\es i t  a 
Uex~biliry nor yet cornplrt:ly real- 
ized by  ICP. Although hydride 

~ s w r a ~ ~ o n  has becn dppllccl to 
IIW ICP,' t ign i i ican~ pri~hlcrns 
Jrc c c l u d  by baci;pround .>hiit. 
as hydiogcn-containing yascs 
pass rhrough the plasma. 

h c k g u u n d  crniision d u e  to 
stray light is another problcni In  
ICP instruments. The stray light 
can be caused by grating Irnper- 
I'rclions or hy poor spectrometer 
design. I n  r'arly polychromaror 
systems, the problem o f  dealing 
with [his background had been 
severe. Many systems now have 
an accessory to perform back- 
ground correction. but this may 
limit their flexibility for dealing 
\tit11 different elements and 
samples. Propcrly designed be- 
quential ICPs, however, have the 
capabiliry to measure back- 
ground on one or both sidcs o f  
the pcak at varying inter\.als. a 
versatile means o f  background 
correction. Stray light ha!; been 
reduced in  some instrurnrn:~ by a 
iactor o f  3-10, depending on 
conditions, with the use of holo- 
graphic gratings. Figure 2 shows 

I L  I 

LOWER I UPPER 
BKGD CORR ; BKGO CORR 

I 

Figure 2 An example of uranrum de- 
lermlnarlon in phosphate rock. The 
background 1s measured at 0.12 nrn 
below rhe analyle peak and 0 18 nm 
above. 
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METALLURGICAL ANALYSIS , 
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I 
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' 1  

.S 181 nrn 

I 
177 nrn NBS 1147 WHITE IRON 

0.5 q/100 ml 

Figure 4 Specf rum o: pnorPhorus and su!!ur f n  an Iron matrrx The spectra! 

p ~ i r ~ c d  : r ~ ; h  a11 inert 535 \uc11 as 
drgirn or  nitrogen. t h ~ ~ s  ~ s ~ e n d i n g  
Ihe , \orking range of  the insrru- 
nl:nl ; l o w  1 0  175 om. For 
\u ! f \ i r ,  the most sclnsitlr: analyti- 
cal lincc, 13U.73 r:rn ;ir;d 182.03 
n m ,  pc iur  111 the r a c u u m  u!tra- 
\ iolet. The detection .irnit for 
i u l i ~ l r  .IT 180.73 nm is a factor or 
-- 1011 better rhan I I  is , I  190.03 
nm.  the most skmitij e wave- 
1:rlgih ourbidr tht. vaciluln uv.  
F11r. o ~ h r r  elcmrnts ,  such as 
p h u ~ p l \ o r u s  a n d  h t ~ r o n ,  ille v;icu- 
~rni u v  3rovides a ic;~velcnpth 
region \ \ ~ t h  fc\c rprctral intcrr'er- 
cnccr. particu13rly rchen iron I; in 
rhc 11ia:rix bcing arialyzrd. Figitre 
4 \ h n % s  , a i p c c t r u n j  of 
phorpliorus a n d  sultur  I 1 a n  iron 
rn.itrl\ bct\recn and IS1 nm. 
N i ~ r o g s n  h a s  urea  as t h t  purge 
k!3 < .  

For mn\ i rn~ml i \ ln  of  he ~ y s -  
I C I I I ' \  i r ~ p a l ~ ~ l i ~ i c ~  ,1 coIIII)Ittcr ix 
~iccilcd lor c ' o ~ ~ l r o l  3 rd  1 0  C I I I I C C ~  
( I I L  i1dI.1. 111 [ I I I S  c a w  3 (led1c3Icd 
mlcrocompurer w ~ l h  fu.1 ASCII 
kcyhoard and  a C'RT cisplay is 
used. Tlie cornpulcr ha', 64K of 
rncuinry \ \ ~ t h  dual  flolrpy disk 
d r ~ i c  Thr  dirhs arc. ulcc. to siore 
in)[rurncnt opcrarlng parameters 
and the basrc system sof luare .  In 
a d i l ~ ~ ~ o n .  the computc'r is pro- 
gr,~rnrnable In BASIC f o ~  use as a 
l a b o r a t o r y  c o r n p u l e r .  All 

parameters  for [ h e  5000  d u r i n g  
ICP operat ion a r e  control led by 
the cornputer. Because the opera-  
tor is  prompted by the computer ,  
prior  cornputer training is un- 
necessary. 

Sof tware  ha5 been developed 
that  controls all instrument para-  
meters, peak finding. yuant i ta -  
tion of  results, a n d  statistical 
analysis of the ICP/5000.  T h e  
sof tware  has I W O  operat ing 
modes,  one for single-element 
a n d  o n e  for rnultielernent analy-  
scs. Because the multielernent 
m o d e  is made up of a :;cries o f  
single element programs,  t h e  sin- 
gle-element program will be  dis- 
cussed first. 

When the opera tor  chooses the 
single-clenlent m o d e  by pressing 
lhc  : ~ p p r o p r i ~ f c  iunclion kcy a 
I'or111 appcars on fhc CUT. T o  scf 
u p  [ h e  i ~ i s f r u n l c r ~ t  to  run t h e  cle- 
ment of  intcrest, the o p e r a t o r  
completes the form that appears  
on  the screen by entering d a t a  
Ihrough [he keyboard.  O n c e  the 
form has been completed, t h e  in- 
formarlon,  along with the  file 
n a m e  a n d  remarks,  can be trans- 
ferred t o  a library disk f o r  long- 
term storage.  The  processnf  s tor -  
ing paranieiers o r  recalling them 

is performed b y  pressing o n e  of 
the  labeled function keys dbove 
the  k e l b o a r d .  All commonly- 
used c o m m a n d s  have a function 
key jo tha t  opera tors  need not  
memorize them.  

Once the proSrnrii i-,as b c : ~  cs- 
t 3 b l i ~ h r d   rid :rorcd. the c l p r a -  
tor  depresses !he X ~ ' V  \I \.sL.-\L or  
RL;N A( r o  function key,  depcncl- 
ing o n  \vhether thc anaiysir will 
be perforrntd manually or  in con- 
junction \\ith the  AS50 autosarn- 
pler. After  the REX \ I : \ N b A L  hey 
is deprcsscd, thc opcra tor  is gi \en 
the oppor tun i ty  to  retain a n  exist- 
ing wavelength cal ibrat ion.  T h e  
opera tor  then is asked to  a s p r a t e  
the  first s tandard  a n d  press READ. 
When this  s tep  is completed the 
next instruct ion is t o  asplrale the , 

blank a n d  press READ. This s a m e  
sequence continues for  u p  f o  iour  
more  s tandards  a n d  for each 
sample t o  be analyzed.  Whcn the 
R U K  AbTO m o d e  is being used. 
t h e  format  is the s a m e  except that  
t h e  CRT displays instructions for 
setling up the  AS-SO autosam-  
pler. After  i t  is sct up ,  R € 4 D  is 
pressed, a n d   he d a t a  system as- 
sumes confrol .  

[f a rnultielement program is 
desired. i t  is first necessary l o  rill 
in J. single-element parameter 
form for each element to be de. 
{ermined.  T h e  multielcment pro- 
g r a m  is designed s o  that u p  to  20 
elements c a n  be  determined. 
After  all single-element condi-  
[Ions have been entered i ~ l o n g  
with a  neth hod file name,  the cn- 
t i rr  p r o s r a m  can  be s ~ o r c d  o n  n 
floppy disk. O n c c  I he c o n d i ~ ~ u n s  
a n d  parameters have bccn czlab- 
lished, the analysis proceeds in II. 

t h e  s a m e  way a s  the singlc-ele- 
ment analysis with the exception sf- 

[ha t  each element is dcternunrd r 
sequc~it ial ly start ing with the - 
lowest wavelength and  going in 
order t o  the highest. 

Finally, the  capability f o  per- 
form background correction at  



sides of the analyre peak is an 
~ n ~ e g r a i  part o f  the software for 
the iCP/SOO. The importance of 
being able to vary the intervals at 
which rhe background i s  meas- 
ured has been shown. '~ ' "  An 
example of a situation In which 
t h i s  would arise is shown i n  Fig- 
ure ?. 

Conclusion 

The  authors' aim was !o show 
[he cornplernenrary Inarure of ICP 
rrnisslon and atornlc absorption. 
The data dernonstratrd that both 
techn~ques have a placr in  the 
anaiytical laboratory ant1 should 
be used i n  conjunction with each 
other. h second goal was to de- 
termine i f  an ICP could be suc- 
cessfully interfaced l o  an AA. 
This  was proved feasible with an 
instrument that can be operated 
a t  optimal conditions for either 
technique. 
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Internal Letter 

3 2 ' ~  . 21 June 1982 

. F. f e a s t e r  
Rocketdyne-DeSoto 
553, 055-CA08 

M. A .  Franc is  
- Rocketdyne-DeSoto 
; 541 , 055-FBI2 

5726 

mwl . Burn P i t  Cleanup 

I t  i s  requested t h a t  the b i dd i ng  f o r  the  excavat ion,  t ranspor ta t ion ,  and 
disposal o f  the  ma te r i a l  f rom the  burn p i t  be reopened. Th is  reques t  i s  
be ing made because the  o r i g i n a l  s p e c i f i c a t i o n  d i d  n o t  c l a s s i f y  t he  ma te r i a l  
t o  be removed as "non-hazardous", Th is  p o i n t  may no t  have been c l e a r  t o  
the b idders.  

Attached i s  t he  r ev i sed  s p e c i f i c a t i o n  f o r  the work t o  be performed, b l u e p r i n t  
o f  the burn p i t ,  a d iscuss ion  paper d e s c r i b i n g  t he  s o i l  sampling r e s u l t s ,  
and l e t t e r s  f rom the C a l i f o r n i a  Department o f  Heal th  Services and the Regional 
Water Qua1 i t y  Contro l  Board. 

Please i nc l ude  'a1 1 o f  these documents as a p a r t  o f  the s p e c i f i c a t i o n .  

M. A. Franc is  
Environmental Contro l  S p e c i a l i s t  
Faci 1 i t i e s  Engineer ing 

Attachments - As Noted 

APPROVED: 

cc w/o attachments: 

W .  J .  Costas 540,  055-FB68 
S.  Gardner 553, 055-CA08 
R. D. Schmued 541 , 055-FBI 2 



73-U #l!il787, Rev. June 17 ,  1982 

Services  To Be Performed: 

1.  Provide labor  and equipment t o  excavate 2,000 tons  (approximately 1,500 
cubic yards)  of non-hazardous s o i l ,  hardware, and burnt  o u t  p rope l l an t  
containers  from the SSFL Burn P i t  a rea .  The ac tua l  tonnage removed + 
the  2,000 tons wil l  be ad jus ted  and r e f l ec t ed  i n  t he  c o s t s .  The accounting 
of the tons of waste removed and disposed w i l l  be based on c e r t i f i e d  weight 
documents from the  disposal  f a c i  1 i t y .  

The hardware, conta iners ,  and s o i l  have been s e l e c t i v e l y  sampled and 
analyzed. From the r e s u l t s  of t h e s e  analyses ,  i t  has been determined by 
the  Cal i f o rn i a  Department of Health Services  and t he  Ca l i fo rn i a  Regional 
Water Qua l i t y  Control Board t h a t  the material i s  non-hazardous. (Le t t e r s  
from above-mentioned agencies and l a b  r e s u l t s  a r e  enclosed.  ) 

2 .  The area t o  be excavated i s  i d e n t i f i e d  a s  "Buried Debris Area" and "Sedi- 
ment Area" on t he  enclosed drawing labeled P l a t e  1 .  These a r e a s  a r e  t o  
be excavated t o  a depth o f  4 f e e t  from the  e x i s t i n g  su r f ace .  

3. A1 1 so i l  and debr i s  excavated s h a l l  be t ransported i n  compliance w i t h  
the  Department of Transportat ion regula t ions  by a r eg i s t e r ed  hauler .  

4 .  All so i l  and debr i s  excavated s h a l l  be disposed of i n  a Class  I l a n d f i l l .  
This requirement i s  per t he  RWQCB. 



22 A p r i l  1982 . . In reply r e f e r  t o  82RC04548 

Regfonal Water  qua1 i t y  Control Board 
107 5. Broadmy 
S u i t e  4027 
Los Angeles. CA 90012 . 
Attention: Mr. H. YacouS 

The s o f l  s a m p l e s  t a k e n  a t  Rocketc!gr,e's " B u r n - P i  t" located a t  the Santa  
Susana Field 18b h a v e  bee? analyzed,  a n d  t h e  anaiyses  a r e  herewi th  b e i n s  
Sub?l:ted t o  you for  y o u r  review and e v a l d a t i o n .  Samples were t a k e n  I n  
two s e t s .  The f i r s t  s e t  c f  e leven  sanples were taken on October  1 5 ,  1981. 
These were anclyzed accord;nc t o  EPA o e ~ n o d s .  The samglicg I c c e t i o n s  kdere 

s e l e c t e d  on the bas i s  o f  disposals, w h i c h  ccnsisted p r i c a r i l y  o f  t $ e  con- 
bustion o f  t C e  chemicals a m  m e  b u r i a l  o f  r e s i d ~ e  and containers, I n  son?  
{nstances. 

The second s a c p l i ~ r ,  was performed on February 5 ,  1982 a f t e r  a r a d a r  scar. 
had been j e r f c r ~ e d  13 identify 1sca:ims o f  burfed m a t e r i a l s .  A LO f t .  
long an3 three f c o t  deeo t rench  w a s  c u t  i n  t h e  a r e a ,  whfc!? was ex;~c:ed t o  
r e p r e s e r , t  ?kc r , i $hes t  ;c ter t !dl  f3r canta!cinat!on. The s i d e s  of  t n i  s ~ r e n c h  

f a1 evi6ence were s a ~ 7 l c d  e x t e n s i v e l y  ( 6  s a n p l e s )  I n  areas  & k i c k  showed p r y s . c  
o f  c c n t a n ' r a t i s n  or  odors .  The seccnd set as well as cne s p i l ?  sc-;:e cf 
the edr ! i c r  s e t  were ana:y:ed 2 r c o r = i n g  t a  the FrozecJ res  cu:?i lea  5,. t h e  
S t a t e  G e j d r t ~ . e n t  o f  tiea:tr, Se- - ; ices1 California Assessment Xanual. 

The samgling resul ts  beer odt R o c k e t l y c e ' s  belief t h a t  any can:timinttic= 
which m y  have o c c ~ t ' r e d  a s  a r e s 2 l t  o f  its d i s p o s a l  e c : l v i t j e s  i s  ve ry  
rnlnlr.al. S s ~ p ?  i n g  has beer: ~ e r f c ~ e d  a', the s i t e s  where c0n:a- imt icn  . 
hlas e x p c c t c d  :CJ Se a t  i t s  i t o r s t ,  y e t  c q i y  is01 a t e d  j n s t ances  c i  -ar;iral?y 
harordous  c a t e r i a l s  or c s n c e n t r a t i o n s  r a v e  been found. Rocketdyne n :  ' :  r e -  
move 1430 c A i c  fee: o f  t 9 e  s l i s h t l y  c c n r a ~ i n a t e d  s o i l  a s  : ~ d : c a t e i  C -  t 7 e  
p l a n  o f  :he E b r n  P j ?  s i t e .  I t  1s r e q u e s t e d  t h a t  t h e  Res::?~! Kbter  Tu2?':y 
Cor.trcl C o a r l  end t h e  Stare Depart,n?ent o f  he31 t h  Se rv?  ces  aF;rot:e :r.e 5:s- 
posal of t h i s  s o i l  2 t  a C ? a s s  : s i t e  as  a n o n - h a z a r d o 2 5  ~ , i s t e .  i t  i s  odr  
be l i e f  t h a t  wcste c ,ms : i t den t s  k n i c h  a r e  ncd  general ly  a t  o r  n e z r  ' i s i t s  
of  Cc:cc t lcn ib ! 11 be CL-::?! e t e l  y bnce tec  tab:  e   hen c -  ged h a r e  h m o ~ e n e o u s ?  y 
w i t h i n  the ~ ~ i l  and s p r e a d  d t  the landfill. 
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Regional Water Qua1 f ty Control Board 
A t t e n t i o n :  Clr, H. Yacoub 
22 Aprll 1902 
Page 2 
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1.0 INTRODUCTION 

This document has been prepared in response to a letter 
received by Rockwell International corporation, Rocketdyne 
Division on 3 September 1991 from Lester Kaufman, Chief, 
Permits Section, Hazardous Waste Management Division, U.S. 
Environmental Protection Agency. Its Purpose is to present a 
revised closure plan which addresses inadequacies of the 
closure plan submitted as part of the Part A Interim status 
permit application for Area I Thermal Treatment area located 
at the Rockwell International Corporation, Rocketdyne 
Division's Santa Susana Field Laboratory. The Santa Susana 
Field Laboratory is located in the Simi Hills, Ventura 
county, California. The procedures describe how the 
permitted facility will be closed in a manner that will 
protect human health and the environment. 

The owner/operator of the facility is Rockwell International 
Corporation, Rocketdyne Division. The facility is located at 
the top of Woolsey Canyon Road, Simi Hills, California. The 
mailing address for the facility is: 6633 Canoga Avenue, 
Canoga Park, California, 91303 

2.0 SITE DESCRIPTION 

2.1 DESCRIPTION AND HISTORY OF FACILITY 

The Santa Susana Field Laboratory (SSFL) is a 2700 acre 
complex situated at an elevation of 1850 feet in the Simi 
Hills on the border of Ventura County and L o s  Angeles 
County. A map noting the location of both the SSFL and the 
Area I Thermal Treatment Facility is given as Figure 1 of 
the attached Sampling and Analysis Plan. Rockwell 
International Incorporated, Rocketdyne Division (Rocketdyne) 
operates and maintains a number of rocket engine test 
facilities and research and development laboratories at the 
SSFL. 

A t  one location at the SSFL, propellent waste is generated 
in small bench-scale quantities at the NAKA Research 
Laboratory. (The acronym NAKA stands for North American 
Kindleberger Atwood, a hybrid description of a laboratory 
derived from the previous name of Rockwell International and 
the founders of the laboratory.) 

The NAKA Research Laboratory is located approximately nine 
tenths of a mile frort the Thermal Treatment Facility and is 
not a part of the permitted unit. 

Research conducted at the NAKA Research Laboratory on solid 
rocket and gun propellants generates waste products and 
cleaning materials of which the hazardous constituent is 
explosive, reactive or ignitable. At the Component Test 
Laboratory I11 hypergolic rocket engine ignitors were both 



produced and experimented with. Thus, a number of hypergolic 
ignitors required disposal. The Area I Thennal Treatment 
Facility was an area used for the small scale destruction of 
explosive wastes by open burning. 

Open burning and open detonation was chosen as an 
alternative to transporting potentially dangerous wastes 
through the community. It was felt that the explosive, 
reactive and ignitable wastes generated at the research 
laboratories could be safely and efficiently treated at a 
remote location at the SSFL. 

Strong oxidizer compressed gases are also utilized at the 
SSFL in a variety of experiments and processes ranging from 
laser research to rocket propellent preparation. 
Occasionally, a compressed gas cylinder that could no longer 
be safetly transported on public roads would be destroyed at 
the Area I Thermal Treatment Facility. 

The Area I Thermal Treatment Facility is located in a 
cleared area on the south side of the facilities active 
portion of SSFL. See Figure 1 of the attached Sampling and 
Analysis Plan. Access to the Area I Thennal Treatment 
Facility is along the Area I Road and to the west of the 
Perimeter Pond. The area consists of a mostly unpaved area 
of reasonably flat terrain which is routinely graded to 
eliminate vegetation. 

The western portion of the facility has been used for 
demonstrations and training activities by Santa Susana Fire 
Protection. It is flat and mostly vegetation free. There are 
several tables, buckets, and stands that were used for the 
training and demonstration purposes. 

On the eastern portion of the Area I Thermal Treatment 
Facility there are two bermed area, and old control center 
wall and several hundred square feet of asphalt. 

One berm is located on the south side.of the facility and is 
approximately 8 feet in height and is vL1l shaped. Within 
the berm is a 19.5 feet by 20 feet concrete pad which was 
built concave to prevent any liquids from running off. Two 
pipe bollards that have been modified to hold cylinders are 
attached to this pad. The berm surrounds the southern and 
eastern sides of the pad. 

The second concrete pad is 6.5 feet by 6.5 feet and is 
surrounded on all sides by an 8-foot high soil berm. A burn 
cage measuring s i x  feet by six feet by six feet covered with 
thick, densely woven steel mesh is housed on this pad. A 
longitudinally split 55 gallon steel drum was housed within 
the cage. Expl.osive materials and paper, the compounds TEA 
and TEB, etc. were loaded into a the split drum and ignited. 
The steel cage eliminated the possibility of waste materials 
escaping the facility while treatment was in progress. The 



cage also acted to control wind dispersal of the ash 
residue. 

Facility operation 1958 to 1982 

The Area I Thermal Treatment Unit was intermittently 
operated fron 1958 to 1982. To provide permitting coverage 
for the facility it was initially permitted as a waste pile 
in 1980. The area was cleaned in 1982 under Department of 
Health Services authority (see letter dated 3 September 
1982, Attachment 1-A). The Interim Status Document was 
amended to include the facility as a I1Thermal Treatment" 
facility on 15 January 1990. 

Facility operation 1982 to 1990 

The wastes handled at the facility since 1982 are EPA . 
characteristic wastes, DO01 (ignitable) and DO03 (reactive). 
These wastes include strong oxidizers and hypergolic 
propellants such as chlorine pentafluoride (a.k.a llCompound 
A " ) ,  Tetrafluorohydrazine, and solid propellant and 
reactive/ignitable scraps from R&D operations including HMX, 
RDX, ammonium perchlorate, nitrocellulose, and 
nitroglycerine. Associated with these wastes were limited 
quantities of solvents and kerosine used in the clean up and 
safe storage of the explosives. 

2 . 2  GEOLOGY 

Refer to the attached Sampling and Analysis Plan for a 
description of the geologic and hydrologic conditions. 

2.2.1 RELATIONSHIP OF THE FACILITY TO THE 100-YEAR 
FLOODPLAIN 

A. Floodplain Location 

The Santa Susana Field Laboratory, which includes the Area I 
Thermal Treatment Facility, does not lie within the 100-year 
floodplain . 
1. Source of Data: 

Federal Insurance Administration 
Department of Housing and Urban Development 
Flood Hazard Boundary Map 
Ventura County, California 

Map No. 46, Revision Date - 10/18/77 
2. A Copy of the flood map is given in attachment VII. 

3. 100 - Year Flood Level: 



The SSFL Area I Thermal Treatment Facility is located along 
the top of a ridge in the Simi Hills. The SSFL is located at 
an approximate average elevation of 1,800 feet above sea 
level. The highest 100-year flood level projected for the 
valley areas on either side of the SSFL site is an elevation 
of approximately 1,200 feet. 

No flood protection devices or procedures since the Santa 
Susana Field Laboratory lies above the 100 - year flood 
plain. 

2 . 3  H Y  DROGEOLOGY 

2.3.1 SURFACE WATER 

Surface water from rainfall at the Area I Thermal Treatment 
Facility which does not infiltrate into the ground runs off 
to the Perimeter Pond which is sampled on a weekly basis for 
chlorides, nitrates, fluorides, arsenic, and volatile 
organic compounds. Historical data suggest the rainfall 
runoff from the area has not resulted in contamination at 
the sampling location. 

The Perimeter Pond is part of the SSFL reclaimed water 
system. The reclaimed water system, during normal operation 
and rainfall events, eventually becomes full. The water from 
this system is then discharged to Bell Canyon Creek. 
Analysis of the discharge waters is performed as specified 
in the N P D E S  permit number CA0001309. 

2.3.2 GROUND WATER 

A discussion of the groundwater at the facility is provided 
in the attached Sample and Analysis Plan. 

2.4 METEOROLOGY 

A Annual Surface Wind Rose is given as attachment VIII. As 
can be seen there are predominantly north westerly winds 
with a significant amount of south easterly flow. Only a 
very small percentage of the flow is in a north easterly or 
south westerly direction. 

2.5 PREVIOUS INVESTIGATION AND REMEDIATION 

In early 1982, during the process of removing debris and 
waste from the Area I Thermal Treatment Facility, Rocketdyne 
notified the California Department of Health Services and 
the Regional Water Quality Control Board that significant 
concentrations of contamination were located. A map noting 
the locations of the previous excavation is included as 
Figure 6 of the attached Sampling and Analysis Plan. 

The contaminants were excavated and disposed of in 
accordance with the California regulations under the 



oversight of Department of Health Services staff. Laboratory 
analysis of the soil samples following removal confirmed 
that the significant contamination was removed. Copies of 
the correspondence confirming contamination removal are 
found in attachment I. 

2.6 QUANTITIES OF HAZARDOUS WASTE TREATED AT THE FACILITY 

During a typical treatment event between - 5  and one pound of 
waste explosive materials were treated. The estimated 
monthly quantity of wastes that were generated (and 
therefore disposed of) was approximately 30 pounds, 
dependent on the activity level, with an estimated average 
of 7 to 8 pounds per month. This quantity represents the 
total amount of waste generated by the NAKA Laboratory and 
includes the slurry waste generated. 

The waste consisted primarily of paper towels and cotton 
swabs used for cleaning, explosive material and limited 
quantities of liquids. The amount of the wastes treated at 
the Area I Thermal Treatment Facility is listed in Table 1. 

Table 1. Estimated quantities of hazardous wastes treated at 
the Area I Thermal Treatment Facility. These estimates are 
based on area treatment logs that were kept as part of the 
normal operation. The monthly values were derived from the 
average annual values form the treatment logs. 

Months per year ' 10 10 10 

Years in 
operat ion 8 8 8 ------------------------------------------------------------ 

Estimated lbs 
treated 1977.36 153.6 102.4 ------------------------------------------------------------ 

2.7 PRE TREATMENT WASTE HANDLING 

The explosive waste was accumulated near the generating area 
in an explosive test cell in velostat bags placed in an 
approved non-sparking aluminum container. Hazardous wastes 
were not stored at the Area I Thermal Treatment Facility. 



The handling processes for the explosive waste are discussed 
in detail in Operations Plan, Section V111. 

2.8 HAZARDOUS WASTE CHARATERISTICS 

2.8.1 PROPELLENTS 

This section discusses the characteristics of the hazardous 
wastes handled at the Area I Thermal Treatment Facility. 

Each bag of waste generated contained a small quantity of 
explosive material. The composition of the energetic 
material was placed on the bag label. 

Each bag contained 0.5% to 5 %  (by weight) of the energetic 
material with the balance consisting of various cleaning 
materials such as paper towels and cotton tipped 
applicators, etc. 

Some of the waste was generated in the cleaning of 
processing equipment. This waste consisted of oxygenated 
solvents, such as acetone, ethanol, isopropyl alcohol, and 
water containing trace amounts (less than five percent) of 
binders, oxidizers, plasticizers, and metals. For safety and 
handling purposes, this liquid slurry was mixed with an 
absorbent material to isolate potential explosive components 
and prevent any free liquids. 

The monthly quantity of wastes generated from the NAKA 
Laboratory was between one and 50 pounds, depending on the 
activity, with an estimated average of 25 pounds per month. 

2.8.2 PYROPHORIC WASTES 

Each container of waste generated contained no more than 1/3 
of a gallon of hypergol. The hypergol was covered with a 
layer of RP-1 to fill the container. This prevented 
spontaneous ignition during accumulation of the waste. 

Small quantities of the surplus hypergolic compounds 
Triethylaluminum (TEA), and Triethylboron (TEB) were placed 
into a 55 gallon split steel drum located on the concrete 
pad and ignited. The waste materials were contained within 
the split drum to eliminated the possibility of soil 
contamination. 

2.8.3 COMPRESSED GAS CYLINDERS 

The contents of the occasional oxidizer compressed gas 
cylinder destined for detonation at the facility varied. All 
of the cylinders treated at the facility contained gases. 
Records indicate that the leaking or damaqed cylinders 
containing such various gases as argon, hydrogen, fluorine, 
etc. were strapped to a metal pipe and pierced with a high- 



powered bullet. The piercing was performed following 
notification of the local Air Quality Management ~istrict. 

2.9 TREATMENT RESIDUE MANAGEMENT 

The composition of the waste propellent material treated was 
similar. It is therefore reasonable to assume that the 
treatment residues are similar. The products of treating the 
propellent wastes are carbon monoxide, carbon dioxide, 
water, nitrogen, nitrogen oxides, hydrogen chloride, 
potassium chloride, aluminum oxides, magnesium oxides, and 
carbon. 

Following treatment of the propellent waste, the residue or 
ash was placed in a plastic container and a representative 
sample submitted to the Analytical Chemistry Laboratory for 
analysis of Title 22 metals. An example of a typical ash 
residue is attached as Attachment 111. Based upon the 
results of the analysis, the ash residue was disposed 
properly. 

The residues from the treatment of the TEA and TEB wastes 
are aluminum oxides and a boron salt. The containers were 
disposed of as non-hazardous waste since there were no 
remaining hazardous residues following combustion. 

Debris following the detonation of the compressed gas 
cylinders were collected and disposed of as a non-hazardous 
waste. 

3.0 CLOSURE 

3.1 CLOSURE PLAN ORGANIZATION 

A phased approach will be used for the implementation of the 
closure activities set forth in this closure plan. Figure 1 
gives the management structure that will be used to monitor 
and control the implementation of this closure plan. 

3;2 CLOSURE REQUIREMENTS 

3.2.1 PERSONEL QUALIFICATIONS 

All personnel working on closure activities at the Area I 
Thermal Treatment Facility will have the appropriate 
training to work in a hazardous waste facility as specified 
in 29 CFR l910.1200. 

3.2.2 HEALTH AND SAFETY PLAN 

A health and safety plan will be created before the closure 
activities begin. In general, the plan will consist of a 
monitoring procedure that insure that the appropriate level 
of personal protectior-, is maintained by all site personnel. 
, an identification of the hazards that may exist at the 




