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Fig. 2. The Weckglass Methed is another procedure used
to determine the fungal resistance of vinyl products. This
method, which more closely simulates practical condi-
tions. differs from the usual agar plate methods in that
samples are suspended in a humid environment and then
tnoculated with a fungal spore suspension. Spore rein-
oculation is continuously provided by a plece of filter
paper which Is coated with nutrient agar and fungi, and
also suspended within the weckglass for preserving jar).
Weekly readings are made at which the time percentage
of fungal coverage or staining of the vinyl specimen 1s
noted.
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Table 1. The Susceptibility of Several Plasticisers to Fungal
Attack.
The figures indicate the day at which growth was observed. The
- experiment ran over a period of 15 weeks.

Aspergillus Trichoderma Paecilomyces Penicillium ’ F Lg- ‘I-

Plasticizer niger viride varioti  funicolosum A

Difficult di-I-nonylphthalate DINP
gg}; 13 15 _ — to attack: dihexy phthalate DHP
pep - 59 104 — . di-i-octyl phthalate DIOP
OHP - — — — Moderate  dl-2-ethylhexyl phthalate DOP
bIop — = — — toattack: dibutyl phthalate DBP
Bop - 5 i p , tri-2-ethylhexyl phosphate TOF
DIDP - 13 Z - Easy to di-2-cthylhexyl adipate ~ DOA
DOA . 6 ] 13 13 attack: epoxydized soybean ol ESO
ESO ] 27 22 ] )
Saccharose 6 8
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Table 1 Hass losses of PVC sheets plasticised with
PIOP and DOS, the sheets being of different thick-

nesses but of the same surface area, in mixture of

garden soil and Pseudomonas aerugiposa

Dos DIOP

rthickness, mm 0.1z ¢0.25 1.2| 0.12 0.25 1.2
FPlasticiser
. loss, % 71 67 21 18 2.8 2.6

Mass loss, mg | 148 04 387 |40 46,1 50
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Table 2 Biological stability of FVC samples exposed In
karst cave, after 400 days. (Composition: 100 p.b.m.
pvc, 60 p.b.m. plasticiser)

Mass 'Washable'
loss germ count
Plastifiant K5 8.3 2 » 108
Plastifiant X8 1.2 2.3 x 10°
plastifiant K13 2.0 2.4 % 105
DIOP Extra 3.3 7.6 x 107
Resoplex 430 16.8 2.2 x 108
pisflamoll TOF (trioctyl o
phthaiate; Ed.) 6.4 3.8 x 105
Plastolein 5058 (triocctyl
azelate; Ed.) 12.6 1.0 x 10?
DIOP 40% ) .
Epoxid D81 20% 1i.2 © 2.4 % 109
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Table 3 Effect of biocides on the b!agradation of bIop

and DOS
DOS
biop (? %; Ed.)
plasticiser losses

Pseudomonad Candida |Pseudomonas

aeruginosa | Albicans |aeruginosa
None 2.6 1.2 69
Stannicide:

A 0.5% (organctin - 0.5 - 67

B 0.5% biocides; 0.2 - 61

F 0.5% Ed.) 0.6 - &7
Ba metaborate 5% 0.8 0.4 60
Ba borate 1.2 3.2 58, 5
Preventol A3, 2% ‘2.3 1.7 68
Preventol X1, 2% 1.9 - 55.5
Barozid 2% 2.1 0.3 70
Sanitized PD 11/6,

0.2% 1.9 0.6 66.7
Rezoxichinelin 0.5% 3.1 - 70.2
Estabex AB F 4.2 - 72.5

{arsenic-contain-

ing epoxidised oil,
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FERL 7= 384415 T o Table v R¥4e, o> T PVCI-1 16 2 8

=L AR TIS | F5 1% o,
a2 @ HLLI-2

4otk T8 TR R

PVCI-3 13/ (#3506 1" & 5,

{v 7% z«"%'bo

-ttt LAl W LELg T, Hra

TELHQZ EX PVCW 394)7 Xi}]:’.{ f< ‘b l'}’ B g kT - &0"74 \/“
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Table 3 OR 82) X ﬂ ﬂi\ J f:ﬁf QL’? {8 H 5, Table 34 %\':F

7’7’721...73/12.5 CH b o ld Fzg.:a()kﬁ) I~ i#{#‘,wl/ﬂﬁlz v,

Table 1 Plastic materials tested.

Plasyics ! Colo.u_r x Manufacturing process
PVCl-1 Grey . Pressed of Calender Sheets
PVCI-3 | Transparent i #

PP Transluent . Extruded

ABS Yellow ”
HI-PS White z

PC | Transparent &

Table 2 Initial Charpy and Izod impact values.

i Char
IacngthWt‘z*.c PY lzod
Or Crosswise Typc 1 TYPC 2
Plastics of
test age ¢ C.V. are 3 C.V. ari v C.V.
specimen kgl-cm/cm? % kgl-cm/cm? 2% kgf-cm/em? %
L 0z| o8| 80| 63! 02| 26! 62| 04| s9
PVCi-l i '
C 9.4 0. 4 4.1 6.3 P03 51 6.3 1LO 15.4
L 38 | 04 1r| 24 o2 67" 24| 01| oo
PVC1-3 : ;
] c 3.2 0.3 83 20 i 0.1 51 1 25 0.2 1.9
i ]

L : Length of specimen is cutting lengthwise from Plate.
C : Length of spedimen is cutting crosswise from Plate,
axc : Charpy lmpact Value,

ax7

Izod lmpact Value.

o : Standard deviation.

C.V.:

Cocfficient of Variation.

_54_._._



Table'd T PVC I~1, Type L 54H o 3| FRATGAE A 1 Non Break
ool 2hh1h2 0w sune- R0 T4}
Vi g (CH e NI ;éx otz B o Mﬁf%f}i b M BEAE
TS AN L ISE TR Gh

PVC A 18 BELB (L E‘;—\ TASy F)a @k « Fig.3 Ao

Fegot 1= 7 7. 15 ABRNa B @i 44K ¢ U CHRHY

63.5
31.75——
0.8 RADI :
Yplenwssmm
]
TYPE S ' i B
. . H 1
1 1
1 1
[ )
) 1
1 25.apaw |
1905 "gErAraTioN | 1905
' oigsa; !
E ::_E|__'n_.u_. 127.00—
]
TYPE L ﬂ

Fig. 2 Dimensions of types § and L tension-
impact specimens (Dimensioned in miil-
imeters). Co-

Table 3 Initial tensile impact va'lgcs.

Tensile lmpact value (ar)

Lengthwise
or crosswise :
T L T S
Plastics of P : ype
test & ‘ g C.V. a I v Cc.Vv.
specimen kel-cm/cm? o5 kgf+cm/cm? : 2%
¢ L ; Non Break . 212 26 12
PVC 1-1 ! |
! c I 478* l 145 30 173 1 S
pvers L 97 17 60 72 . 8 11
ST c 1ns 23 20 74 30 41
N L

a: : Tensile impact Value (kgf-cm/em?)
o : Standard deviation (kgf-cm/cm?)
C.V. : Coefficient of variation (%)
* : Ductile fracture.



PVCi1

Crosswise
Charpy Typel

(Kgf+cmicm?
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/ P d o
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0 f 5
Time stored {Years)

3 a =&

Time stored (Years)

Fig. 3 Impact value vs. Time and temperature stored for PVCI-1.
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Fig. § Temperature stored vs. Percentage of original impact values after five years.
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Fig. 13 Fensile impact values va. Time stored
at 20°C for ABS. PVC -1

— 60—



W-9, Hﬁ’ﬂ&@m&w FPrsced Vel 62, Mo.9 83
T4 77 FLE5EF 2R Dark W A Wollou Assecvated)

BER oAWK - F B FrEC, £ F AR EER
Lo uGNss. oL CHRBER N Hydo-
Proailing 0 CIEET v GLAT = FAE L 15 15,
TAT7wriF %ﬁéﬁim%%%ﬁ@zw?%, |

TR BAECEN 3 1= TR T b v fase T A iR
BT, BF 0 TLT k07 UL, SRS
D R E Al T

Ll VR 3% 104 Fﬂ\]ﬂh SHL, TSPz
FrUE TLTIVT7TE BINE P 0 &y R FIA
2 S WA

Toble | 17, G1 v?ﬂﬁu}%%ﬁw, SKUE T2 1= F 981
KA TRRE ULy TR Pt b T, R

LT Tiged W,ﬁ?m, VD ] v Telly RV
B R YA Rz A -
7047712 Fet, fed fle? o $55%, 185GV

__6/_



RRERE LT, ofv PTFE 623

Vi B B HICRTL TAT T A E R
5.l 10 BEFATTR Wi v B F0155%
MWz 451G 241 Fhin 3.

TABLE 1—Asphait samples characterized

Hydraocarban group, wt%

Penstration Softening Polar Molecular weight

*  Sample min point,'F Saturate Aromatlc aromatic Asphaltens MW, MW, MW,
Flux 18.5 106 §3.9 1.4 18.7 18.1 430 700 1,07Q
Alrblown 0.8 234 51.6 74 8.0 35.1 700 1,330 2,240
+ FoCly 1.1 242 36.0 153 83 425 830 1.060 1,800
Others :

A . 1.8 225 685 4.7 :%:) 201 650 1,130 1,840
B 2.3 240 81.8 23 4.4 31.5 680 1,240 2150
C 1.5 227 48.3 4.5 7.0 40.2 - 630 1,130 1,960
D 23 234 74.4 4.1 4.3 16.7 720 1,410 2,440
E 0.8 230 50.3 - 125 B.1 30.1 670 1,200 1,890

iy | ETTE 0T 7 (o Bk oTAIK, Ty 21
TR 21607 EEh v BINE BTN S.

250—

Soltening point, °F
]

1 !
15%.5 30 a5 4.0

Mol. wi,, % 1 490
Flg. 1—Lower mol wi materlals determing soltening polnl.
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Mol wh., % at 2,160
Flg. 2—Higher mol wt materlals determine penetration.
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TABLE 1

Results of SEM Observations of Fracture Surfaces of Madified Epoxy Resin

Amount of Amount of
* modilier modifier
Sample (%) Qbservations Sample (%) Observations
EPOXY (EP) — Material of [racture surface Has rough EP-PVC I()W In blends containing hetween 10% and
: texture, consisting of two phases: EP-PVC 20 approximately 40% PVC, three tvpes
highly crosslinked microgel particles of material oceur; pure PVC
(micelles) embedded in a continuous oceurring as discrete particles, PVC
phase of low crosslink density r mixed with EP resin, and pure EP
resin
EP-DBP 2 Morphology of surface material similar EP-PVC 30
EP-DBP 4 to that of unmodified EP resin; EP-PVC 40/
observation by SEM did not reveal
the occurrence of an additional ‘ ' .
EP-DBP 6 phase; thus DBP is completely EP-PVC 50 Blends of equal propartions of the two
- EP-DBP 10 miscible with the epoxy resin components also consist of three
types of materials: pure EP phase,
particles of PVC containing small
- proportions of EP, and a solid phase
of well-mixed EP and PVC
EP-PVA 10 PVA occurs as a separate phase; good -
adhesion between the two blend
components
EP-PVC 2 At the lower concentrations (up to 5%)
EP-PVC 5 PVC is a separate phase, consisting of EP-GFa l} - Fibers well distributed throughout the
particles which are aggregates of EP-GF» . 2 blend; weak adhesion between glass

approximately spherical granules

fiber and resin '

- GF designates glass fiber,



Data on the Chemical Stability of EP*

TABLE II

Ultimate
_Weight Joss tensile strength
Chemical g % {MPe)
Water 0.36 0.20 5.28
Air -_— — 512
Benzene 0.20 0.13 512
Acetane® —_ — —_
DMF?b — —_ ——
NaCle — —_ —
(aqueous solution)
CaCls®. _— —_ —
{aqueous solution)
Lo Methanol 0.18 0.12 2.56

s Specimens similar to those used for tensile testing were jmmersed for 120 days at room tem-
perature,
b Samples decomposed after 7 days {in DMF) and 14 days {in acetone),
< Adhesive bond has broken under its own weight.

(b

~ Fig. 1. SEM photomicrographs of fracture surface of epoxide EP resin.
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TABLE 1.

GENERAL ANALYSIS OF SLUDGE LIGUID

-

ltem _ Amnournt )
P! 8.0 - 9.0
Speciltic conduc-
tance, pmhos 15,000 - 60,000
Chlorides, mg/L 4,500 - 5,000
Sultates, myg,/L 15,000 - 20,000 _
" Ammonia, mg/L 1,000 - 7,000 -~
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TABLE 6. PROPERTIES OF UNEXPOSED 20-MIL PVC MEMBRANESa AND SAMPLES EXPOSED TO
SLUDGE ON LAGOON ROTTOM

——— - ——— e ———

-—— o ——

Unexposed membranes® ‘ Exposed membranes
Physical properties K17° #19 467 ¥88 #15 817
Average thickness, mils 20 22 22 20 20 21
Tensile strength, psi:
Machine 2,640 2,760 3,020 3,395 2,460 2,760
Transverse 2,520 2,260 2,765 2,910 2,320 2,550
Elongation at break, %: :
Machine 270 330 385 325 : 310 265
Transverse 290 340 415 335 315 . 290
Tensile set, %:
Machine 68 97 192 102 70 60
Transverse 7 105 207 10l 80 ) 70
S-lOO ’ Psi H
Machine 1,260 1,150 1,250 1,870 1,265 1,625
Transverse . 1,130 1,060 1,110 1,600 1,245 1,415
5-200, psi:
Machine 2,080 1,890 1,820 2,610 1,805 2,280
Transverse 1,850 1,580 1,585 2,190 1,700 1,975
Tear strength (Die C), ppi:
Machine 350 295 340 465 260. 328
" Transverse 315 275 295 470 270 295
Puncture resistance: :
Stress, 1b 25.8 24.G 27.8 2B.6 26.1 32.6
Elongation, in. . 0.69 0.71 0.68 0.56 0.69 0.67
~ Thickness, mils 20 21 22 ——— 20 21
Hardness, Durometer A points
E-sec reading. T6A 72A 75A 80A 72A 71A

a50urce: Reference 5, p. 50.
Liner number. Unexposed liner numbers are Matrecon inventory numbers: exposed liner

cnumbers are sludge lagoon sample numbers.
Tests performed are tensile strength, ASTM D412; tear strength, ASTM D624; puncture

resistance, FTMS 101B, Method 20v5; and hardness, ASTM D2240,
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Humber of Systems

Coating Txrge o Tested
Coal tar enamel - gen 1
. Cnar oy e -_'j_”’ 7__”., L

Coal tar/polyesterxr T
Extruded polyethylene j—q*ﬂ-; A0y ‘Iﬁ L 3
Fu_al.oﬁ bond epoxy ;% 1?;1‘.%17!2'?1‘& 10
Polyethylene tape AOWLHLLF-7° :
{(Pressure sensitive) ( )EQ 2 3-1)
Polyethylene tape Aen1 413 ..75 -3
(Butyl backing) L (1A R
Polyethylene tape ' ALy 570 2
(High heat application) &k it }

PVC tape Pve 570 3
Polyurethane - rSURN) 7= 1
Polyurethane/tar lf""f‘?‘fﬁ 9"-11/ 1

Total of Coating Systems Tested 33
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TABLE 1 .

LABORATORY TESTS USED FOR THE EVALUATION OF

PIFELINE COATINGS

Properties AST™H pesignated Test .Avnllablillty of Tast Tast
bDegignation Yor This Evaluation Equipment Used Duration

Chemical Reslsgtance ©20-77 HOVA Btandsrd 119066 2 12 months
Cathodle Digbondmant ce-19 HOVA Standard #19053 1 28 days

| Cathodic Disbondment G42-75T HOVA Btandard 119053 1 15 days
(Elevated Temparaturue) . . -
Flaxibility G10-17 HOVA standard 419077 } 35 mins.
Hardness D2240-75 D224% 2 15 mins.
Impact [ATES N G14-77 2 1 hr.
Panetration Gi7-717 c17-77 & 3 to 60 days
soil Btressing - HOVA Standarzd F19078 1 ongolng
Water Absorption D570-63 pETO-63 2 24 hrs.
Weathering G11-79 _ HOVA standard #19065 ] 1t and 2 years

1. Equipment had to be constructed.

2. ‘Zquipment is commercially aveilable.

*Equipment for this test was & modification of the
Cardner Impact Testar.
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Fig. 2 - Schematic Test Cell of
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Fig. 3 - Chemical Resistance Test:
Diesel Fuel
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-Fig. 4 - Chemical Resistance Test:
pistilled water
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Fig. 5 - Chemical Resistance Test:
Gasoline
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Fig. 6 - Chemical Resistance Test:

Methanol
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0.1% NaOH

g - pon
® i
' |

TR T e B ITH I TP HEPIT (SR ST e
2.0 3-09-0 g il 2t 3IFh ke T gL
20~ 398 SEBR T A, YO~ gft AOYT4LET 70
70,10;123 pve 57+ 80, 8(% A" L7



& F s Figd~Fig. 9= 73 7 U F1 = (7] B),

Ve A B 5 & o 15 A Hrreo v tpkbesds,

% £ ;w; o A TTBRIG s R o TRV z‘fa: nof 7 AETE o
iThdine %o tga nod 7B o B¢ o't =%
I hE & d8 1R 40 ESRAE2AEE va -

Fig 14 o IRNGEH = 5,0, Tablez 0 B E 7& 43+ (R B
%’#\'97%.3&./% X 20°cr ~30°C & 7= |

WG A FE A, Ts 7 AT 2 SIS (Fign) ORB) 12 4
ASTM 1< 4% 5 T, 20°C U B U 20 %05 % FRS 2 1 o BIE
X3 pahE e T s IKK L 0 BF < Fig 1T Chg) 1< &
% e IR e

COUPON SFECIMEN

BEND FORCE

FIXEDMADNUS .
MANDREL L

!

COATING l METAL U

Fig. 14 - Schematic of Bend Machine
* Head

— 5



TABLE 2
FLEXIBILITY TEST RESULTS

(Results in Degrees Per Plpa Dimmeter Length)

Test Temperature
Sample : Y
Coda . _Costing Systea ,21°¢c =30°C
\ M
1 Coel Tar Enanel . 2.34" €0.46"
10 Extruded Polyethylene 2.34° 2.348%(1) .
I1 Extruded Polyethylena 2.34° 2.34%°(1) |
12 Extruded Polyethylene 2.34* 2.34°%(1)
20 Fusion Bond Epory . J2.38% b 2.3,
21 Fusion Bond Epoxy 2,35 2.4 ’
22 Fusion Bond Epoxy 2.34° 2.34°
23 Fusion Bond Epoxy 2.34" 2,34°
14 Fusien Bond Epoxy 2.34" 2,34°
25 Fuslon Bond Epoxy . 2.34° 2.34°
26 Fuslon Bond Epoxy 2.34° +2.34°
27 reaton Bond Epoxy ! 2.4 2.34°
28 Fusion Bond Epoxy 2.34° 2.34° .
29 Fusion Bond Epoxy T 1,38 2.34°
LY Polyethylene Tape {Pressure Sensitive) 234" 0.46°
43 . Polyethylene Tape {Pressure Sensitive) 2.34* 2.34°(2)
46 Polyethylene Tape (Pressure Sensitive) 2.34" 2.34%(2) .
S50 Polyethylene Tepe (Butyl Backing) 2.354* 2.34%2) .
51 Polyethylene Tape (Butyl Packing) 2.34° 2.34%(2) ¢
80 Polyurethane o 2.35° 75 TASEE I
8l Polyurethane Tar . 2.34* 0.46*

(1) Adhesion loss of comting to substrate, e
(2) Extensive deasge noted on all pressure and handling points.

}m TI“FT.H"M!i 5 . "1’1‘;1:‘" ’-r;“-:-;;r
gX e *
Ha, J’_J,:: 1;‘%:; 2404 AVirmey-1e f;_;. s

Fig. 17 - Hardness Results

Fig. 16 ~ Shore Scleroscope
Hardness Tester
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Fig. 28 - Soil Stress Box .
TABLE 3
SOIL STRESSING EVALUATIOH

Condition of Sample
Sample J i System 12 Honths _24 Honthe
1 Cosl Tar Enanel . Extreme Deteri- -

otratlon Sasple
Removed

10 Extruded Polyethylene He KC
11 NC ’ HC

20 Fusfon Bond Epoxy NG NG
21 fusion Bond Epoxy NC RC
15 Fusion Bond Epoxy e NC .

40 Polyethylens tape (Pressure Sensitive) HW ) ]

&7 Folyethylene Tape {Presaure Sensitive) 1] L]

50 Polyethylene Tape {Butyl Backing) ) NG {1}

51 Folyethylene Tape {Butyl Backing) NC MY

8O roliurethnne He " Ne

81 Polyurethane Tar HC NC

Codet HNC - Ho Change
Y = Hiner Hrinkling
H - ¥Wrirkling With Overlap Loss of Adhestion:

_?7_;_
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S TABLE

RESULTS FOR EACH GENERIC COATING HEATMERED

/ﬁfrii 7%1'%! 1A 2

¢ R

' “Flexibillty
Cathedic (Haxinum Deformation Impact Resistance (Xg-Cm)
Disbondment | in Degrees Per Plpd
Heathering Diameter Length) L
Genezic Coating Type Period {Radius-mn) | 21°C = Jo*c 350 ] Socc) 200 c) 6 ¢ 16" c| -30* €| -50° ¢
Coal Tar Inamel Original 6.00 2.4 40,46 50 .50 .45 {1 25 | 25 20 20
12 Honths 6.00 2.24 046 o) cose b as ] e ] ag 25 20 o tae
24 Months £3.00 2.4 |oeowas o) oss ) sec | vao | g as 20,7 a0
thyl original .25 230 |oase | v oa | e o sa]. es 2|
Extruded oLy Enyen 2 Hanthe 5.25 2.3 | v e ] e ] s w1 ) estod e
24 Months 1.75 2y 1otz liae ] cass ) s i1iaa] e | e 0
original 9.40 230 Lozt s ] el L awe fwea] s ] st | e
Fusion Bond Epory 12 Hontha 10,71 234 [itese o Cdtass o asa | vas fiwes e o2 | s
24 Months (ERT 2.34 Jtasa . |awea] sme e e e ] ven | e
" original 2375 FYETRNN [ PIT PRI VRN BECTRO R TR BRFTY T » s
Polysthylans Tape 12 Honths 25.25 234 | ine2 | w 18 e | e s | moiw
24 Months 30.25 2’ | e AU B T T IO B L 1) SELR BT
¥olyurethans original .50 2.3 152,040 ) 200 | 200 ) 200 200 | a5 fase . e
12 Months 15.00 2.3  |-Ta.47: ] 200 200 1:300 200 | :as0 732827 ) g
24 Months 17.08 .M 0046 | 200 | 200 ]:200 | 200 |00 ] w00 a0
polyurethans/Tar original 3.50 2.3 | t.ae 60 ) 75 | 100 | e | Cse Cas a5
S| TV Henthe 7800 .| 234 <046 as 4 .| .50 50| 5 as 20 ‘40
Louh 24 monehe 7080 0] 203 €046 ] 038 ) oA o eas ) 88 o ose ] e o L
Number of Number of )
Tests Tests Perxcent
COating System Performed Passed Pass Rate
. 1Coa1 Tar Enamel 26 10 38.5
| Coal Tar Polyester : 19 2 10.5
o fExtruded Polyethylene 26 18 69.2
1 Fusion Bond: Epoxy 26 23 .8B.5
_Polyethylene Tape . (Ps) 26 5 19.2
‘Polyethylerie Tape (BB} 23 4 17.4
| /Polyethylerie Tape (HH) 20 ] 25.0
“PVC Tape - ' 20 3 15.0
Polyurethane 26 21 80.8
Polyurethane Tar 26 19 73.1

—/0]—



VB, B e T
¢ B384 v2 R8T
WA ehy
"Belt Bunris

PG - B 5 f2E
o RERPE K 2 A,

Fig. 15 - Illustrates "Belt Burn"
. During _Ha_ndli_ng _ '

wEK (t&Afi4e) BABE R &
ASTM D§70 - 43

" Fig, 29 - Water Absorptioh Test

WHZ 1% 24564 8
NovA it 34§ %,
Harf 1 54 u’z’;ﬂ:

_..___..—’

e gilly 'é' LAy
“*figawwﬁﬁ

ey v TS

Fig. 31 - Weathering Racks

~——-/0;l“——



W6 46‘# T¥ VoL 38 No.1 PAGE.73-/o0 37
N3 oK LrBit i*f&)z—bqwﬁnﬁ,ﬂ{
'kff%:ﬁfﬁ'p (% KT 2Y3p)

Sadot it T oA A5 A L2 ¢ 1130
Y RIESL KB H 290 nm WME o //t\/&é‘;zﬂh
H L, BHHFHEN B0 EREL,E ¢ V/MKL &7 %0
84256 L. 4Lt f}4t*§$ﬁ£1“lé: RS AT 2 4 A ¢
A R RAEABRL R H % 5 T R L
%Akﬁ\—%alai%/‘ Lo 29k fbehva

T e | CEBRERAAN) TSP AN DR 7 0, A0 2L
THee Ry a-KA-b Ry Je=LoAxy A4 f"%,.frféz’é
LLTAY ALTA, FY =T AP ARG
ﬁf’q Sriha HAT L HT B LAY LT
k9wt GV L CMILLT V2,

I LR N LA TR RO 9*’—&4513{}#3\5 A FEHe M
A @-}4(% KB FE G S Table | LT R TS,
(k&)

03—



___ﬁo/__

Table 1 PHOTOINTIATING SPECIES IN POLYPROPYLENE

INITIATING SPECIES

ESTIMATED

(mole/einstein) CONG (H)

RATE OF PHOTOLYSIS
PRODUCT FORMATION(M/sec)

C-T COMPLEXES

ﬁ*z'f“ (CHy)} --+0,
CPe=el) -0

OXIDATION PRODUCTS
PP-0O0H
PP=-00-FP

. zﬂj
=CH -Q-CH -

. 2 0 Z'H.

’CH3

(o]

-C- CHZ—C

CATALYST RESIDUES
'.L‘i(DBu)4
Tioz(rutiie)
OTHER CHROMOPHORIC IMPURITIES

POLYNUCLEAR AROMATIC

""0-02
' 0.02

2 or 2 -—

2 <
0.16 <
6.02 e

~0.4

5
1

1

1

1

x 10

1 x 107

4 x 10" (gree re)

~5 x,lo-slcaQed PPO- + «OH)
<3 x lo-lo(cqged PPO-)

{1l x 10 {caged PP*)

{1 x lo-g(ca‘ged PP-+ CH3)

-6 x 10 (f£ree BuO-)

~1l % 10-7 (free R.)

(Fe:“', Antioxidant, Unsaturation etc.)

o

-3

- 10

-5
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Table 2 JRREGULAR STRUCTURES IN PVC

STRUCTURE " No. 1n 1000 C's
HEAD TO HEAD  ~CH-CH- 3-35
aa
BRANCHING - (CHy),CL .
SHORT CHAIN | 5-6
LONG CHAIN 0.1 -0.5

UNSATURATED GROUPS
DOUBLE BOWD  C=C

NMR  METHOD - 1-25
1.2-2,5
1-15
BROMINE 0.7 - 15
PHEHOLYSIS =~~~ 0.2 - 1.0
ALLYLIC C1|-CH=CH—EH-.' 0.6 - 0.8
| 1 0.5 - 2.0 -
CARBOHYL (=0 1/100-1000 FEPS
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Table | = % U 2o Ay vRdR ok ¥ o 48, BB ALACE
Az ) B v iR R0t VCo RE 3B AL KK 13 DOA
AN, BBP R B U H B, BBP A T A Lt 4K
LB vz /WESRAE D #r 0 5T w by
W H LT L Bt K ERA < B A5, Table 2 27 (
f X, A Moy v 4 o BERRALAKFE L 2E 2 %,
TABLE 1

Dehydrochlorination Levels lor Samples of PVC Plasticised at
the 60 phr Level and Naturally Weathered in Arizona, USA, flor

12 Months
Plasticiser Dehydrochlorination level (%)
DOA 0005 )
por 0016
BBP >5
TABLE 2

Dehydrochiorination Levels for Samples of PVC Plasticised with DOP and
Naturally Weathered for 12 Months )

Plasticiser level ~ Location - Dehydrochlorination
(phr) level (%)
20 - South Wales 0-002
20 Arizona . 0011
20 Queensland 0012
40 Soulh Wales 0003
40 Arizona 0014
40 Queensland 0016
60 South Wales 0003
60 Arizona. 0016
60 Queensland " 0018
80 South Wales ) 0-004
20 Arizona 0019
80 - Queensland 0025
100 South Wales 0-:006
100 Arizona 0024
100 Queensland 0033

—//8—



PVC o B rmmﬁ\ﬂ\ 2 T HBF 2 I oL VIR o VR 7= 7D
A/m’at)& AY 4T b ta)?éz,r:; LYy T==b 4 9+ (TPM) 9
I57% 3 2400 I8 X F]2 RY H Ak )34 x5y E oY
hotny) FER) LA T 0 5,
FEELTHEM a7 0 x L BEE - Ak o F 1T ¢
Ly N 4Rt Table 3.4 =79, Bifa W&, 22
ﬂdi@CéE%(t14Hfﬁﬁﬂrﬁ1fhk»“\ﬁmimjm\
SRR Ay v, MBI AR BT, KA
ﬂ*}#&ma@ﬁmweﬂi PSRN AR Bk THA
58 o G ok n. HL AKEFE 0 vE o % 5 T v B,
Dehydrochlorination Lev:: ?ol;Esglnples of PVC Plasticised

with Linear Dialkyl Phthalales at the 60 phr Level afier Normai
Weathering in Arizona, USA, lor 12 Months

Plasticiser Dehydrochiorination level (%)
Ce 0024
Cig 0013
Crsan 0-012
Co-1o 0014
Co- 1 0012
'TABLE 4

Dehydrochlorination Levels for Samples of PVC Plasticised
With Branched Dialkyl Phthalates at the 60phr Level and
Naturally Weathered in Arizona, USA, for 12 Months

Plasticiser ) Dehydrochiorination level (%o}
Cy 0016
C, ~ 0-055
CI (/] . 0‘380
o : 0510




A0 ) < — o H448 e BT 5 KIRIER o Table é » 5 BIFRK
FELad LA AL pVAE D O .t 5V b b A=A F ANy %—11\
270k - B 4k R dp a0 TR E L o b BRALACE 078
A L U"hbj,
ISR PEAC TR DY - SN i At 450 1y
W s edsE) e d s, Table Tim R ULRZEREFR @60
B o X4} o kF L E 1:(;!{5%( et U ysod )t AKF
TABLE 6

Dehydrochlorination Levels for Paste and Suspension PVC Samples
Plasticised with DOP at the 60 phr Level

Polymer Location Dehydrochlorination
level (%)
Suspension 5125/14 South Wales 0003
Suspension S125/14 Arizona 0016
Suspension 5125/14 Queensland 0-018
ICI Paste .. South Wales . 0004
ICI Paste Arizona o - 0027
1C1 Paste - Queensland 0030
BP Paste ‘ South Wales 0004
BP Paste ‘ Arizona : 0-025
BP Paste Queensland 0028
TABLE 7

Dehydrochlorination Levels for PVC Plasticised with Various Plasticisers
Inclined at 0° and 45° to the Horizonlal in Arizona, USA, lor 12 Months

Plasticiser Inclination Dehydrachlorination
level (%)

L9HIP 45 0012
LY9I1P 0 0021

910) 4 . 45 ) 0016

DOP 0 0-035-
DTDP 45 0-516

DTDP 0 >5

DOA 45 0-005

DOA 0 0008
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PVCA > 1°1 % 160°C mfE 22 W3 1) po Hh L €, Fig. 20884 117 ¢
FE) L-H—T = ” PEIEALKFE b e, Tt E&éﬁﬁ b B

2 48K & A BECRAR) VHE L Rt Table 81 F LE

pPVe
8 min.
Cd St/Ba St
BaSt1% CdSt1% 111 1%
1 6 |l o
N'/ 3 min. 3 min.
2 q 7 10
Mmln. 3 |;|In. 3amin.
s 5 8 11

Fig. 2. Thermal treatment of PVC samples in the presence of barium and cadmium
: stearates {see Table 8).

»
]

TABLE 8
Values of Optical Density and Dehydrochlorination Levels for Thermally
Degraded PYC Samples

Sample Optical density Dehydrochlorination
number 500 nm level (%)
1 0521 005
2 0-599 006
3 0-675 007
4 0-068 0-06
5 0082 007
6 0031 - 002
7 0039 002
8 0-045 0025
9 0048 0035
10 0-053 004
1 0-060 0045
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. TABLE 9
Dehydrochlormauon Levels of PYC Milled with Various Additives After
72h at 80°C '
Additive Dehydrochlorination level
(%)
~ No additive 0-000 15
Triethylene diamine 0-53°
DABCO 33-LV 0-28°
Catalyst Al 0-66°
Catalyst A4 . 0-40¢
Triethylamine ' 0-26°
’ Dimethylaminoethanol , 011
Ammonia ) ‘ - 0005

* Evidence for cross-linking.
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Pig. 1. FYC glums trnnsitioq temperature variation without .stabil-
izers depending on the plastiocizers! concentration: a) Plot 1 =

- DOA, Flot 2 = dibutylphtalate (DBP), Flot 3} - butylbenzylphtalate
{BEP), Plot 4 - DOF, Plot 5 - Mezamol (M), Plot 6 - chlorinated
paraffin-S-45 (CP=-S=45)}; b) Flot 7 -~ DOA-DPOP, Plot 8 ~ POA-DOP-
DEP, Plot 9 - DOA~DOP-DBP, BEP, M, CP-3-45.
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TAB. 1 PARAMETERS OF PYC COMPOURDS BASED OF VARIOUS PVC TYPES,

Compound Para- Sharp

meter impac

{f/m) . transv.

¥ notched Surfuce smooth Tensile im-

t remist. Ra gum) Longit. pact resist-

ance {(K/om)

Longitudinal
Transversal

Industrial compound
for pipes on the
beris of PVC-5-68

Industrial compound
for pipes on the
baais of PVC~1

Industrial compound
tfor pipes on the
bagsis of PVC-2

Industrial compound
for soft electric
isolating foil on

the baeis of PVC-S-68

'42'5

65,0

18

Industrial compound for ‘

soft electric imolating
foil on PVC~1 basim

0,19

Hard foil on PVC-5-68 basis 0,31/0,29

Fard foil on PVYC~1 basmim
Hard foil on PVYC-2 besin

0,21/0,25
0,14/0,16

5564/4970
5663/5882
5750/5805

___/‘27._._'_
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Fig. 3. UV=VIS spectra of
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Table 2 12 %whi VHGWR o AU R ENE 2 T BAL SO,
b ¥k T /\#/[!— b= 77/7b\j{:f§?:— L' 2 b
RIS b0 e Rt RFAC T K, -7

BiR TS 1 At Table3 5 L %,

B
+
TAB. 2 LIGHT TRANSMISSION COEFFICIENT K —_ VARIATION AT PVC

o
COMPOUNDS AGEIKG.

Againg time . Comp. 4 Comp., B Comp. C

months K00 S TSR YT I 2V Exoo Epug
1 0,71 0,9 0,39 0,81 0,73 0,92
2 0,42 0,78 0,25 0,79 0,28 0,77
5 0,06 0,53 0,07 0,57 0,21 0,78
6 0,04 0,44 0,06 0,54 0,21 0,72
8 0,03 . 0,36 0,04 0,49 0,18 0,72
10 0,0 0,27 0,03 0,48 0,16 0,59

5;
TAB. 3 R-s— VALUES FOR COMP.A, COMP.B and COMP.C EVALUATED FOR
IRR.A.DIATED ARD HONTRRADIATED SURFACES.

Type of material Ry430 . Ry591

irradiated/nonirradiated i:radiatad/nonirrad.

Comp. A 0,44 0,34

Comp.i ~ 1 month 1,81 0,97 2,41 1,06
Comp.A ~ 2 months - - . 4,15 1,67
Comp.A = 4 months - - = 3,70
Comp.B 0,64 0,39

Comp.B - 1 month 1,95 0,57 2,85 0,74
Comp.B ~ 2 months = - 3,75 2,18
Comp.B ~ 4 months - - - 2,27
Comp.C - 0,47 0,41 '
Comp.C ~ 1 month 0,77 0,90 1,03 0,99
Comp.t - 2 months - - 3,15 1,55
Comp.C -~ 4 months - R - - 4,02
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Fig. 5. Raman spectrs in the areas 1550-1350 cm~! and 750-550 em1
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for Comp.C: =) before ageing and after one-month ageing, b) of the

irradiated surface and ¢) of the nonirradiated surface.

Fig. 6. Sorption variation at: a)
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TAB. 3 CHARACTERISTIC VISCOSITY 7 AND ﬂv VALUES FOR ALL PVC
‘TYPES AT WEATHERING.

Type material " E'
1 . s 2 3

PVC A{powder) K=68- 0,097 - 38274,0
Comp.A (from samples) 0,101 40467,9
-Comp.A -~ 1 month aged 0,0935 ! 36382,3 '
Comp.A ~ 2 months aged 0,096 37730,9
Comp.A - 5 montha aged 0,0885 . 33726,3
Comp.A - 6 months aged 0,0845 31641,9
PYC (powder)-B K=6T 0,0834 31075,2
Comp.B-(from samples) 6,0895 34253,1
Comp.B - 1 month age& 0,0858 32367,3
Comp.B - 2months aged 0,08856 33778,9
Comp.B -~ 5 months aged 0,0870 32940,4
Comp.B ~ & months aged 0,0852 32004 ,1
PVC {powder)c ®K=70 0,094 36650,9
Comp.C (from samples) 0,102 ) 41021,6
Comp.C «~ 1 month aged - -0,093 36114,2
Comp.C ~ 2 months aged 0,097 38274,0
Comp.C -~ 5 months asged 0,1015 ' 40744,5
Comp.C - 6 months aged 0, 1005 40191,8
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Table 2.[ 5 ASTM 38t o # LI EX HHEE d 5, 44055

Table 2.1

Rating of Fungal Growth(1l)

Observed Growth on’ Specimens Rating
None . 0
Traces of growth (less than 10X) 1
Light growth (10 to 30%) 2
Medium growth (30 to 60X) _ 3
Heavy growth (60X to complete coverage) 4
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Table 3.1 Table 3.2

Results of ASTH G21 Test for Determining the
Resistance of VES Solidified Wastea to Fungi®rb

Results of ASTH G21 Test for Determining the
Resistance of Asphalt Solidifled Wastes to Pungi’-b

Waste Stream 1 x 2 Forn® Hafer Waste Stream 1 x 2 Form® Yafer
Boric Acid Boric Acid
Initial Test 000 0 Inttial Test o000 0
" Sodium Sulfate Sodium Sulfate
Initial Test 1110 1 Initial Test 2.12 2
Retest 011 NA Retest 000 HA
Bead Resin Bead Resin
Initial Test 434 2 Initial Test 600 0
Retest 112 NA
. Powdered Resin
Powdered Resin .
———————— - Initial Test 000 0
Inftial Test 122 1
01 NA

Retest 0 8NA means not applicable,

Numbers indicate observed growth on
specimen, See Section 2.3,
COone entry is glven for each of the
repiicate 1 x 2 specimens tested,

ANA means not applicable.

byumbers indicate observed growth on
specimen. See Section 2.3.

€One entry is given for each of the
replicate 1 x 2 specimens :ested.
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Table 3.5 1% /"7 74 T o VESEACMFH T oK Cdjs. %
F oA Es o E s ot EiERED a7y T Rk
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AN T Ty TaRELRELARE W,
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RN, TAT7AL (Table 3.7), VES (Table 3.8),

Table 3.4 : Table 3,5
Results of ASTM G22 Test for Determining the Reaslts of ASTH G22 Test for Determining the
Resistance of Asphalt Solidified Wastes to Bacteria? Resistaoce of VES Solidified Vastes to Bacteria®
Waste Stream 1 x 2 Form? Wafer Waste Stream 1 x 2 Formb Hafer
Boric Acid : Boric Actd
Initial Teat ++ + - Initial Test -+ + -
Reteat + + + NA Retest HA + + NA
Sodium Sulfate ' Sodium Sulfate
Initial Test + + + + Initial Test + 4+ 4 +
Retest + + + HA - Retest + 4 4 NA
Bead Resin Bead Resin
Initial Test + + + - Initial Test +++ -
Retest + 4+ + - NA Reteat +++ HA
Powdered Resin Powdered Resin
Initial Test +4++ - Initial Test .-+ -
Retest + + 4 NA Retent HA + KA
4NA means not applicable, + fndicates . B means not applicable, + indicates
that material supports growth; while, that materfial supports growth; while,
- indicates no growth. - indicates no growth,
bone entry is given for each of the One entry ia given for each of the

replicate specimens tested. replicate apecimens tested.
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Table 3.7

Result;s of Compression Testing Asphalt Solidified Hastes®

AU Un lba2nadk
q_ﬂ:]‘ L op sV ﬂ{%rx v, AL

s v BE e s, B ALAE 0B Hg T

Table 3.8

-Results of Compresgion Testing '
Vinyl Ester-Styrene Solidified Wastes?®

Load at 10X Deformation (MPa)
Waste Stream ASTH G21 ASTH G22

Load_at 10X Deformation (HPs)
Waste Stream ASTH G21 ASTH G22

Boric Acid

Test .61 + 0.04 0.56 %+ 0.03
Control 0.5% + 0.04 0.54 + 0.06
dium Sulfate ’
= Test 0.57 + 0.02 0.46 + 0.07
Control 0.45 + 0.02 0.44 + 0.04
' sin )

Bead'r:ﬁt 0.58 + 0.02 0.60 + 0.02
Control 0.59 + 0.02 0.60 + 0.01

dered Resin
= Test 0.77 + 0.02 0.88 + 0.02
Control 0.753+ 0.002. 0.88 + 0.03

Borie Acid -
Teat

1.4 + 0.3 11.3 + 0.4

Control 11.0 ¥ 0.1 1.0 ¥ 0.5
Sodium Sulfate

Test 11° +1 12 +1

Control 10,2 i 0.4 11.5 i 0.5
Bead Resin

Test 16,0 + 0.1 16.5b

Control 15.9 ¥ 0.4 16.4
Eovdered Resin '

Test 13.6 + 0.6 13.5 + 0.3

Control 13.6 ¥ 0.4 13.4 ¥ 0.3

f8pverage and ptandard deviation of replicate
samples are glven.

SAverages and atandard deviations of replicate
samples are given,

Only tvo samples were tested, The value given
is the averaga of the resules.
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Table I. Experimental conditions for degradation experiments. Samples
consisted of 4 nominal l-cm x l-cm-sized cylinders except where

" noted.
Pre-test

Surface Moisture Length

Expt. Area (Weight of Test
No. . Medium Microbe {cm?) Percent)  (days)
1 Barnwell sofl gen, soil 3+ 3 2.6+ - 177
2 Upton soil gen.- sofl 30+ 3 5.1 + 2.6 197
3 Upton soil Pseudomonas 30 ¥ 3 5.1 ¥ 2.6 35
4 Richland soil gen. soi) 3 3 5.2 + 0.3 197
5 Barnwell soil gen. soll 30+ 3 5.6 + 0.2 196
6 Barnwell soil gen. soil 30+ 3 18.3 + 0.4 181
7 Barnwell soi) gen, soil 20+ 22 5.6% 0.2 192
8 Barrwell sofl gen. soll 134% 13b - 5.6 T 0.2 206
‘9 agar Pseudomonas 30 + -+ - 54
10 agar fungt I+ 3 -+ - 59

Agominal 2-cm x 2-cm cylinder.
bi_-mm-thick .shest.
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Figure 1. Experimental apparatus used in vartha-Pramer experiments.
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Jadble 11. Degradation rates of blown bitumen based on cumulative €O,
released 1n modified Bartha-Pramer test, Experimental
conditions are defined in Table [. .

Expt. ' Rate

No. {cm/yr}

1 5.78E-04 + 1.2E-04
2 3.G656-08°F 5.6E-05
3 2.11E-04 ¥ 1.4E-04
4 5.96E-04 *a 5E-04
5  1.05E-03 ¥ 1,3E-04
6 4.58E-04 + 8,1€-05
7 6.37E-04 ¥ 1,6E-04
8  5,43E-04 ¥ 6.5E-05
9 2.44E-03 + 4.1E-04
10  5.5€E-D3 ¥ 6.2E-04
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as a function of the total time of leaching, Lt,’ where

radicactivity leached during the leachant renewal period, Bq
radioactivity initially present to specimen, Bq
exposed surface area of specimen, cm?

volume of specimen, cm?

3 < “n > :m
[ SO B |

duration of leachang renewal period, days.
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FIGURE /. Co-60 releases from bituminized waste in different Icachantlsolu'lions (leachant
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10

0 ﬁwﬁﬁ;

LEACHANT SOLUTION,

CUMULATIVE FRACTION RELEASED, 23, /A4 (V/S), em

o
I
0 a
¥o
| 1 ) 1 )
o 20 L0 60 80 100
TIME,DAYS

FIGUREZ. Cs;l37 retease from bituminized waste in different lechant solutions (leachant
solutions described in Table 1V).
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3] Experimental Léach Solutions
Leachant I distilled, demineralized water .
Leachant 11 distilled demineralized water, mineral salts! microbial

nutrient media?

Leachant III distilled demineralized water, mineral salts, microbial
nutrient media and Culture D3

Leachant IV Shallow saline water, mineral salts, microbial nutrient
media and Culture D

(1) mineral salts
(2) microbial nutrient media 0.3 wt% malt extract, 0.3 wt% yeast extract, 0.5 wi% peptone.

O ERIAREEE, T TE

Mineral Salt Solution for Culture Growth

Compound Quantity
MgSO, 0.2g
CaCl, 0029 g
KH,PO, - 1.0 g
K,HPO, 10g
. (NH,),804 . 1.0g
FeCl, 0.2 g saturated solution
distilled water 1000 mL
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| TABLE |
Diffusion Coefficients Derived for Bituminized Waste

_Fitted Parameters for Co-60 Release

Leachant D, cm?/s ','cm
Distilled Water (1) 2.16 x 107" —-1.78 x 107
Mineral Salts (II) 2.43 x 1072 5.36 x 107
Mineral Salts & Microbes (III) 5.84 x 107 4.53 x 1073
9.75 x 1012 4.27 x 107

Ground Water & Microbes (IV)

Fitted Parameters for Cs-137

Release
Leachant‘ D, cm?/s & cm
Distilled Water (I) 6.57 X 10 1.32 x 107
Mineral Salts (II) 2.25 x 10 9.35 X 107
Mineral Salts & Microbes (II) =  8.21 x 107 6.22 x 1073
1.62 x 102 7.84 x 107

Ground Water & Microbes (1V)

LB U (AR 2= Ak TRZNER (AR i A2
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Table 13. Compressive Strength Values for Cement and Bitumen Waste Forms.

Compressive Strength, psi(2,b)

Condition ' Cemeqt _ Bitumen
As-Received - 1413 £ 93 (5) 134 + 1 (4)
: ' | 119 £ 4 (s)(c)
Leached 2066 + 160 (4) 126 + 3 (3)
Irradiated 1366 + 207 (3) 145 ¢+ 2 (2)
Thermal Cycled 1323 £ 176 (5) 131 + 7 (5)
Large Scale 1 Top 1424 124 .
Middle - 122
Bottom 2350 127
Large Scale 2 Top 1400 108
Middle - 127
Bottom 2700 127

(a) The values are averages of the number of samples
in parentheses. The numbers following the “*
are one standard geviation from average..

{(b) 1 psi = 6,98 x 10° Pa.

{c) Samples were prepared by pressing at 3000 psi
instead of 7000 psi.

ANS 16,112 B2 Fr 1t Cs v St o FBLYGHL 4 Tablo 119174
- ¥ -
IROATHLLIE, L= -dsg(P) (D IRKAIBHO 05 o S BH

G2

anlﬁo: the incremental leaching rate, {a,/Ac)/Atp; and
the cumulative fraction leached, B a JIAo be caiculated

1
where 2, = quantity of element rejease during the leaching interval n
Q aj = total quantity of element released over the entire leaching time t

Ao = initia) quantity of the element in the specimen
at, = duration of the n leach iInterval

An effective diffusion coefficient, D (cmzlsec). is then calculated.

2 2
= y 1
A | [:&%"r" 172 7z ] ()
tn *th

vhere ¥ = volume of specimen (cma)
5 = geometric surface area of the specimen (cmz)

—/6/—



Technicol pokior: 1= YU E M D3 FUEE 6 ¢ YR,

TABLE 11. Cesium Diffusion Coefficients and Leachability Index

Blimn.

Cement
Diffusion Cosffliclient Leachabliity Diffusion Coafflicient Leachabillty
Test Mean $t, Dev ~ Index’ Mean 5t, Dev Index
1AEA Not Determlned 78" 2E68 1.2
Equlllbr'lﬁm 4 E-13" 2 E-l)l " 12,4 4_ Ee8* | E8 T.4
ANS 16,1 ‘ '
As- formed YV E13 1 E1) 13 .S E-8* 1E8 7.3
Irradiated . -6 E-14 1 E-13 13,2 3 E9 3 E9 8,6
Thermal cycied 2613 4613 12.6 ‘2 B9 3E9 8,6
Pre-compressive | E-14 1 E-14 14 ‘189 289 9,0
strength '
Barmwel | SE14 2E13 13,3 29 269 8.8
groundwater ' B : s

® Average of 2, 3, 4, 7, 18, 49 end 91 day values, |

TABLE 12. Strontium Diffusion Coefficients and Leachability Index

‘Bltumen Coment .
Diffusion Coefficlent Leacheblilty DIffusion Coefficient Lteachabl ity
Test Maan S§t, Dev Index Mean 5t, Desv tndex

| AEA _ J3e-13 4 &1 12,6 | 1 E-9 7 E-IO? 9,0

Equl 11br [um 3E-13% 1 E13 126 . 8 E~100 & E-10 . 9.1
ANS 16,1 |

As~ formad 1 E13 ¥ E-13 13 29  5E10 8,7

Irradiated 2 E)4 J3EI4 13,7 5611 3EN 10,3

Therma | cycled 7614 9 B4 13,2 31l S5E 10,3

Pre-compressive 5 E-15 6 E-I5 14,3 2811 361 10,6

strength

" Average of 2, 3, 4, 7, 18, 49 and 91 day valuves,

L

— /62—



TR 3R, YA 7o BB =I5 B BRI
5. |

ASTM (21, 9212 F3 BUETg i 2 71 U o -4~
127707 8 K6 AR B I (bl 1 O,

Table 14. ASTM Biodegradation Test Results for Fungi

Organism Test Materfal ASTM Rating(3) Comments
Aspergillus niger cellulose 1l or g Very slight ;?digat}en
. bitumen 1or of growth. fficult
. 7
({707 - {g%%?%ﬁg) : to score
Chaetomium globosum cellulose 4 Difficult to score- for
e - : bitumen lor0 bitumen but weak
- grovth, at best
Aureobasidium puliulans cellulose lor0 Poor growth on both
bitumen 1or.0 positive controls and
C%@@/é—@' ) bitumen
Gliocladium virens cellulose 2 No growth on bitumen
bitumen S0 -
M{xed Spores(b) . cellulose 2 No growth on bitumen
' . bitumen 0

{ag Rating scale 0-4 with 0 indicating no growih and 4 indicating heavy growth,
b) Spores from all for fungi used as innoculum, '

LR 0 (XA 0 BIETIN 3 T L, Pondcillim
wolalum E CHAELERR, U1 I, Gt B vt
Coe 1 2 L FEH S, 2 2 T Frioncte 3 sJHERE
15§ TR (s 7081 Fig. 1 ), BRCIE
LT RTE 1A 3§35 PH ISR 100 3 = HE L BV
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Figure 11. Releases from bitumen in systems with and without
Penicillium notatum
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TABLE 4. PRODUCTS FORMED AMD CONSUMED DURING
RADIOLYSIS IN THE VARIOUS AREAS OF THE SILO AY 2o
REPOSITORY [10). KEY: (a) concrete molds: 'V % T

(b) bitumen drums; (c) filter drums; and (d) mﬁ%ﬁa?f’:

.02 congumed, moles,

7279-F etk €422 54 Zang-1ia 39 ﬁ/&/ﬁ%’

{a)  Betongkokiller  Bitumenfat (b) Eprersar () ] :\_ J‘l 3 ;ifpﬁg
H,80, fkg) 1513 W . - o
H::g:(mol) 1,3x10% 2,010 . IS
cH !,Nu-g) 370 7073 -
H,(Nm % 13) 07 .
so,mm’l . " -
0,{ma0) . 22a10? -
CO,tNm ) "2 s .
€O, tmad s0n10% 2,907 .
cotm’) 1 20 -
CO{mol} ¢, 7xt0? 8,9u10? .
NyiNm) 20 »
Forbe Ofmol)  JAet0® 2.0n30° 7.9
TABLE 5. SUMMARY OF THE AVAILABLE OXYGEN AND -l}‘,{ IyP I
RADIOLYSIS PRODUCTS IN CONCRETE MOLDS IN THE i 'T 4
SILO PART. THE WASTE 1S5 CAST IN CEMENT IN !
THE CONTAINERS. KEY: (a) factor; (b) amount; 3:19-} lﬂff If
(c) tron; (d) fon exchanger; (e) in the con- ‘T t"ajiﬁi,f‘f
crete water; (f) initial value; (g) radioly- /\ﬁﬂ-’ibxjf”t
gie; (h) formed during a 20-year perj,od' and o
(1) 0, consumed. H’Af'lkﬂ ﬂ.'ibl’!}i

T ’,'5; . ' %

Faktor {a) Mingd (b)
Yoid 000 m

g%—-’- {(c) m 1300 ton ()
AA v 3 A% —=  (d) dendyrare 2330 xn (e) trglngeviirde
YELe cate ¢ mo mol U1 hlonguum) At 4h
o, “3,7510" mol -
Prod M50,  1,3x10° mel (ndhlys) (2) 204 e 4]
Prod. €O, 3,0210% mot (->-)
Prod CO 872107 mot (=) S et under
i B ang, - (D Foee. 0 300107 met () (h)
TABLE 6. SUMMARY OF THE AVAILABLE OXYGEN AND THE ,E‘lh_ ..)[-/ I"
RADIOLYSLS PROCYCTS IN TdE BITUMEN DRUMS, THE _
WASTE 15 TAST IN BITUMEN. KEY: {(a) factor:; (b) T4
amount; (c) iron; (d) ion exchanger: (e) in the -j{dhﬁvf £
concrete water; (f) initial value; (g) radiolysis; LA
(h) formed during a 20-year period; and (1) G, A% A P
;onsumed. _ % ‘ v #'I m ‘—']
e Faktor _(a)  mangd (b) £¢ reoi k
Yeld 1100 m) A 75 e,
(c) 3um 4% 1009 ton -
() donbyrare 412212060 1on (D
Bhumen I poco’ o (e) { Ltolngsvinte
ca* 1,76210% enol. (i berongvatien) 73"—5”"'4@,
o, ' 1,0x10° moal (i betongvatien)
Prod. H,30, 2,1n10" mot tradiotrst  (g)
Prod $O, 332107 mal (=) “’]’ ;,%"b
Prod €O, 2,5u10” mot -=2) Borane ke
Prod CO 8,92107 mol (=) 20 &
(1) rarre. o, 2,3210% mol (o) ' (h)
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butyrate acetate

CH,CHICOO- . 3"10 "'CH,COO' . .‘H_2 + CO,

propionate acetate

TABLE 7, SUHMARY OF THE AMOUNTS OF INERT GAS LN

THE SILDO PART, CALCULATED TO THE YEAR 2200. KEY: AUé " gf:‘_
(a) process; (b) year; (c) Bm?/hear; (d) radio- PI
lysis; (e) blological activity; (f) bastc corro- f*g?,ﬁﬂg;
sion; (g) acid corrosion; and (h) total.
Eailif
Pru-c-u(a) ) Nen¥ihe \
TOXL p (b) Yolo! -’{Jfﬁ oo e 30T 200
i"; T T . . - ﬁiﬁﬂ@ﬁﬁﬂfd)
Blologhk {1 449 ,
ahuvher 7T 10 10 ) 1] 1 L E S (ER (2)
(E) Bastak herroston - 300 300 00 300 300 ~meas Bk >
() Sor kerroston - . . . 330 a0 9% - W’Eﬁ(m
(h) TYousnt 30 73 e e 40 <40 3| (h)
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APPENDIX

SOME POLYMER STRUCTURES AND POSSIBLE D

EGRADATIONR PRODOCIS

Name
{Chemical name})

Repeat Unit

8%z | 844

Degradation Preoducts

279 LB A

CELLULOSE CH:0H carbuxylic acids,
sugars, CO, CCz,
cH H;0
‘V,IL Y7 - 2 1l -
\o L%
. :
| | b ¥
cH CY - O... Cop
: \ / coz
CH H
2
V¢ «.uCHy - Ci... HCl, smaller
.(polyvinylchlo:_ide } ’ hydrocarbens
cl
PVC nee, A9 3B kg
POLYTHENE +.+.CHy - CH,.. Hy, smzller
{polyethylene) hydrocarbons
H B
4T Hy, A&é‘%‘;ﬁ%ﬁv}’-i
*HYPALON ci $0,CL1 HCl, smaller '
(chlorosulphonated hydrocarbons, S0z
polyethylene) «+.CH={CH; Jn-CH-(CH3)n... '
. Hee, 502 .
NA DTS {Cl: SO,Cl = 35:1) Jéﬁéﬁﬁkaf
*NEOPRENE cl RCl, smallet
(polychloroprene) ' hydrocarbens
34 7 o Tre T S MO Bk
™ {and other side-chain groups) Aﬁ\/]’f}%f‘ff"‘ ek P
LATEX 77y TR CH, | CHy, smaller
(natural - hydrocarbons
polyisoprene) «+-Cl;=C = CH~Ciz... oHy (&HTEA(OKE

{* Trade name)
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Table II1

Resdlts of Biodegradation Tests on Asphalt Solidified Wastes2

ASTH G21BsC _ ASTH G226.d
Waste Stream Form Wafer Form Hafer
Boric Acid
initial Test 000 ) 0 + 4+ + -
Retest ' NA RA + 4 NA
Inicial Test 111 1 + + + +
Retest oLl NA + + + NA
Bead Resin
Inftial Test 434 C2 P -
Rete!;' 11 2" NA + + + HA
Poudered Resin
Initial Test ' 122 1 + 4+ + -

Retest 001 RA + 4+ + NA

BNA means not applicable.

byunbers indicate observed fungal growth on specimen. O indicates
no growth, 4 indicaces heavy growth.

€one entry is given for each of the replicate specimens tested.
d4 {ndicates that material supports bacterial growth; while,

= indicates no growth.
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Table IV

Resultr of Biodegradetion Tegts on VES Solidified Uastas®

ASTH G21Y ASTH G22°
Haste Stresn Fora® Hafer fora Wafer

Botie Acld

Tnitial Test 000 0 -+ + -

Retgst HA MA MA++ HA
Sodiua Sulfate

Infeial Tese 212 2 PRy *

Retest eoo0 NA ++ 4 HA
Bend Restn

.-In_ll:ial Teat 000 [} ] + :-_+ - - .

Reteat A HA e A '
P;-u.d.ered Resin . . _
. :.l-“.!.ud Test 000 0 S o - S
-_Rer..asr. HA HA ’ H* + [u

23N means net applicabla. : : o
byumbers Indieate observed fungal grovth on specl-en- 0 l.mll.ell:u )
no growvths & indfcstes heavy growth.

€4 fndicates that materisl supports bacterisl grou:h: vwhila,

.= indicates no grovth.

"One entry .Is given for each of the replicate specimins tested,

Table ¥ '
Results of Cospression Tesring of Solidified Wastes®
(intee MFPa)
Asphalel . vES® Cement
A5 621 ASTH 622 ASTH G21  ABTH G2Z  ASTH G2%  ASIN G272
Boric Acid )
Test 0.61 4 0,00 0.36 + 0.05 114+ 0.3 113+ 0.4 260+ 18 12 +18
Control -___6.59 40,04 -0.54 +0.06 1i.0+ 0.1 11.0%0.5 23.4¢ 22+ 9
-Sodiun Sulface | ’ ) . o
" Test B T U0.47 40,02 0464 0.07 1101 12.0 + 1. LN B
Conerol - 0.6k + 0.02 0.A4 ¥ 0.04 10,24 0.4 15403 4024 7+ 2
Bead Resin . . . -
‘I‘est. S0 0,58 4 0,02 0.60 # 0.02 16,0 + 0.1 16.5¢ 2,54 ¥
Control L0y 1' 0.02 0.60 +0.01 159 £ 0.6 J6.de 28.4d M
Povdered Resin - _ . l
Test " 0.77 4 0.02 . 0,88 + 0,02 13.6 + 0.6 125+ 0.8 ND ]
Contrel 0.75 + 0.01  0.88 + 0,03 13.6 + 0.4 13,4 + 0.3 wo 7 w0

8pverage snd standard davistions of replicate samples are given. HND means no deta.
Conpressive strength vay deternined as the losd ac 19X axtal deformation.

Cpverage of tuo results. .

Only ons ssmple.: . . .

— /9 —
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7;51@,} The Reference Waste Forms

Reference Waste Form

No. Lead Laboratory
1 BWR evaporator concentrates/cement or Casaccia
pozzolana cement '
2 PWR evaporator concentrates/cement or @adaraéhe
pozzolana cement
3 PWR evaporator concentrates/polyester Cadarache
or epoxide
4 Ion exchange resin/polystyrene Cadarache
5 Ion exchange resin/polyester or Cadarache
epoxide -
6 | Magnox fuel pénd water sludge/cement Harwell
7 Reprocessing concentrates/bitumen . Mol
8 Reprocessing cpncentrates/cement . Karlsruhe
9 Reprocessing sludggs/bitumen Cadarache
10 Incinerator slags | Mol
Ta,ﬂfe,ﬁ Additional Waste Forms °
No. |Waste Form Lead Laboratory
11 Ion exchange resin/cement Cadarache
12 Sodium sulphate/bitumen Risgd
13 Research centre concentrates/bitumen Mol
14 Solid waste/bituminised cement Cadarache
15 Research centre concentrates/bitumen Cadarache
16 Ion exchange resin/bitumen Cadarache
17 Ion exchange resin polyester or Harwell
vinylester

———52a5-—-
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La Hagug soll | La Hague soil + peat

ATP, .
pmoles/g of dry matter 1.8 x 10_5' 2.4 :c‘IO_5
Totéi organisms . 3.1 x 107 5.7 x 106
Number of organisms/g of dry )
matter ) C .
Azotobacters _ 4,7 x 103 . 3.2 x 102
Clostridia = 1 0.9 x 10 3.2 x 10°

| Nitrosating bacteria 93 191 .
Nitrifying bacteria 4] 3.2 x 103
Ammonizing bacteria 4.6 x 105 5.7 x 105
Nitrate-reducing bacteria 4.7 x 10 3.2 x 104
Aerobic cellulotytic bacteria - - -
Anaerobic cellulolytic 3 5

bacteria 1.2 x 10 . 2,6 x 107 .

Fuﬁgi ) 1.0 x 104 1.3 x 104'
Actinomycetes . e 7.2 x 105 6.3 x 106
Algae ' . - . -
Iron bacteria - -
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Facility Soils

Soil Type (%)

Sample Sand - Silt Clay
L1 90 9 1
L2 91 7 2
L3 91 7 2
L4 92 6 2
L5 93 5 2
L6 92 6 2
L7 93 5 2
L8 93 5 2
L9 95 3 2
L10 96 3 1

— 7 —

TABLE 2. Water Retention Characteristici of the Field Lysimeter Fac&litg Soils
(A1l samples packed to 1,6 g/m” density; water content, -cm?/cm°)
. Hanging Water Column Pressure Plate
Sample Saturation sem 10em 20em S0 om  JO0 em  I00 em 1020 ¢cm 1530 cm
L1 0.465 0.463 0.457 0.249 0.073 0.071 0.10 1.048 0.04)
L2 0.462 0.461 0.43%5 0.197 0,083 . 0,069 0.11 0.048 0.048
L3 0.389 0.386 0,368 0.144 0.088 0.072 0,09 0.049 0.045
L4 0.395 0.394 0.375 0.158 0,086 0.071 0.10 0.050 0,046
L5 0.389 0.374 0.363 0.153 0.082 0,069 ° 0,11 0.150 0,046
L6 0.347 0.347 0,335 0,119 0.075 0.071 0.12 0.055 0.047
L7 0.397 0.389  0.382 0.145 (.089 0.077 ¢.08 0.04% 0.044
L8 0.400 N.392 0,388 0,143 0,080 0.076 0.09 0.050 0.046
L9 0.409 0.405 0.397 0.209 0.097 0.081 0.09 0.051 n.049
L10 0.382 0.380 0.370 0,162 0.094 0.082 0.09 0,049 0.049
TABLE 3. Hydraulic Conductivities of the Fieid Lysimeter
Facility Soils
Hydraulic Conductivity
Sample (cm/s)

L1 2.19e-03

L2 2.B0E-03

L3 2.50E-03

L4 2.02E-03

L5 2.22E-03

L6 2,66E-03

L7 2.92E-03

L8 2.15E-03 -

L9 2,35E-03

L10 2.43E-03

TABLE 4. Particle-5ize Analysis of the Field Lysimeter
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TABLE 5. Radionuciide Concentrations in the Waste Forms (mCi)
Lysimeter Solidification o | _  ;
Number Waste Type Agent 54Mn 60Co 134Cs 137Cs
| Boric acid Masonry cement 0.0920  0.491 + 0.055 6.0 % 1.5 11.3
concentrate _ -
2 - Evaporator Portland Type III 4.2 + 1.3 89.0 <10.0 14.6 + 5.4
concentrate cement
3 Evaporator Portland Type III 7.0 % 1.6 134.0 <7.4 37.8 + 6.7
concentrate and ion cement :
exchange resin : )
4 Evaporator Vinyl ester- 3.15 £ 0.95 111.3 ¢ 0.6 <12.0 <11.0
concentrate and styrene
ion exchange
resin
7 Boric acid Masonry cement ¢.100 0.545 £ 0.075 7.1 % 1.8 13.2
concentrate ' B _
8 . Evaporator Portland Type 1II 5.3 % 1.3 90.4 1.£2 £+ 0.74 16.5 £ 5.4
' concentrate . cement - o
9 Evaporator Portland Type 111 7.00 + 0.63 154.0 # 12.0  £.34 £ 0.27 19.4 + 1.7
concentrate and ion cement
exchange resin _
10 Evaporator Vinyl ester- 4.4- + 1.0 131.2 ¢ “<6.3 <20.0

concentrate and
ion exchange
resin

_ styrene

0.5
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TABLE 1 : Precipitation intensities for the period 1970-1975,
1978. In total 651300 h. (GyB0).

Time Precipitation Percentage of Percentage of \
intencity precipitation total
{h) (mnm/h) time time
1(max) 21.4 0.02 0.002
3 > 16 0.07 0.005%
5 > 15 0.1 0.01
6 > 12 0.14 g.01
10 > 10 0.23 0.02
13 > 9 0.29 0.02
16 > 8 0.36 0.03
21 > T 0.u8 0.03
3y > 6 0.77 0.06 .
4y > 5 1.00 0.07
67 > b 1.52 0.11
131 > 3 2.97 0.21
287 - > 2 6.5 0.47
8th > 1 18.1% 1.33
b5 > 0.1 ‘100 7.2
n128 ¢ 2 93.5 6.73
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Table 2 v 3 ¢ I.r- ol 2. Cs, Ru, Bad)%éé"'k%m
FB v\ UIS Rb-86 , Ru-/p3, Ba- 4o #3811 T v 5,
NE D Yn-861s vovax Blise Edd 5){5'%;’ = Avd
7 e RCHE /874, H?dkﬁ’{é‘g;"{)\ F =005 R/ w/cs
Cdhboe Ru-/1031ERu~1060 % =B CRu-106 nAXY
e he 3944, [=0275, Ba- Moo %=X (s

L(l—/';’D '("i)lao "7’0.30(- F:/-/']O Y/‘H:DZ L‘:rao

TABLE 2 BWR 2 - Event. Pasquill F,m,, wind velcelty 5nm/s,
deposition velocity : 2 em/s. (Me81),

Dose contribution in %
NUCLIDE | - 0-7d ©0-30d . 0-30y
" Ru-106 2 B
I-13 21 19 2
I-132 13 20
Cs-134 4 8 17
Cs-137 3 b 63
Ba-1U40 19 32 5

TABLE 3 :+ BWR 3 - Event. Pasquill D, wind veloeity 10m/s,
deposition veloelty : 2 om/s. (MeB1).

Dose contribution in %
NUCLIDE 0-7d 0-30d 0-30y
Ru-106 3 T2
I-131 5 6 1
1-132 69 54 9
Ca-13h 2 y 13
Ca=-137 1 2 49
Ba-140 5 10 2

zt1) Y- exposun cowlant § ¥ AR ISR
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FIG. V.: Map of Rise’s peninsula with the experimental areas
indicated {1-4). 5 is tha meteorclogical tower from whera all
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TABLE 4 : Age of asphalt areas.

Area no. Age

20y
3y
24y
2uy
W
1y
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W N e
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TABLE 5 : Results of weathering and fire-hosing.
Weathering Fire-hosing
Exp. Area HNuel. |Removed OQbsery Tw Removed Age
no. . period
b3 d d ) d
1 1 Rb86 67 5 ° 3 25 21
2 2 Rb86 60 27 21 - -
3 3 RbB6 32 54 70 1" 25
] 4.1 Rb86 |. 66 22 th - £
5 2 RbBG 29 2 L 60 2
6 4.2 RbLBG 22 2 6 - -
' 57 19 15 - -
7 3 Rue103 3o 35 50 - -
‘ 20 137
- 22 30 79 20 30
- 35 65 95 - 25 65
: 5 179
Ab86 18 50 200 15 21
- 19 30 100 21 28
- 27 30 65 - -
8 3 RbBG6 14 37 187 5 37
- 12 2h 140 16 24
- 14 10 hg T 10
- 1w 10 kg 9 10
- g b 33 ho b
9 3 Ba 140 20 32 70 - -
- by 8 37 50 8
- 1] 22 : - -
RbA6 7 8 76 30 8
10 5.3 Ru85 |° 17 18 66 - -
Average removed 29% + 18%
Average hallf life Tw 79d » 55d
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TABLE 6 : The weathering half lifes dependence of nuclides and
asphalt areaa, (d), 3 experimental deviations; In
bracket : number of observations.

Area 1,2,4.1, 3 All
b.2,4.3
Huclide
Rb86 29:25 (4} 107+63% (8) 81263 (12)
Ru103
Ba-LaIHO} - T3:18 (h) Tia18 (8}
All 29225 (4) 96453 (12) 79155 (16)

TABLE T : The weathering efficlency dependence of nuclides and
asphalt areas, (removed activity in %},

experimental deviations; in bracket: number of
observations,

Area 1,2,4.1, 3 All
4.2,4.3 -
Huclide
ALd6 50222 (h) 192 7 (8) 29220 (12)
fu103
Ba-Lallo ] - 27+ 7 (W) 2T+ 7 (B)
All 50422 (4) 21s 8 (12) 29218 (186)

TABLE 8 : Effect of a heavy ralnshower. The areas are 1listed
according to their relative position on road "3»,

Nuolef Removed($) Age(d)
Rut03 10 50
Rb86 114 13
RbB6 15 6
Rui103 7 15
Ru103 15 10
RbB6 15 27

Average removed: 12%
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ZAE & AR A TR s r F 5B T

Exp. Area Surface Age of "A" Weathering Ap
No. No. Material Surface Short term Half life Weathering
Weathering Constant
y Fraction d a-1
11a 6 Concrete 0.1 >.25 205 3.4-10-3
11b 7 Concrete 19 >.35 140 5.0+30-3
1ic 4 Asphalt 3 >.60 60 12 -10-3
11d 3 Asphalt 27 0 ‘ - 0
12a 6 Concrete 1 .54 107 6.5+10"3
12b 6 Concrete 1 .60 100 6.9+10-3
12¢ 7 Concrete 20 .40 84 8,3.10-3
124 3 Asphalt 28 0 " 0

Tahle 1., The observed dose reductions and short term weathering
half lifes. The area numbers correspond to those given on fig. 1.
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no. no. Contamination Factor

12a 6 d 1.3

12¢ 7 7d 1.1

Table 2. Results of Forged Decontamination by Firehosing.
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RB-S EF - —AvolyaRsdiR (filw)
Biodegradation testing of bitumen,
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ANSWER 8 OF 9
79(7::2281  NTIS Order Number : SAND-78-1371

Survey of Microbial Degradation of Asphaits with Notes on Relationship to Nuclear Waste
Management. -

ZoBell, C.-E.; Molecke, M. A.

Scripps Institution of Oceanography, La Jolla, CA

Sponsor : Sandia Labs., Albuquerque, NM; Department of Energy

{5684000; 5659000) | ) |
- Contract : EY-76-C-04-0783

SAND-78-B371

37 p. NTIS Prices : PC AG3/MF AOI

Dec 1978

English CY United States

GRA&I7917; ERA citation D4: 025674 :

A survey has been made_of the microbial degradation of asphaits. Toplcs covered include
. chemical and physical properties of asphalts, their chemical stability, methods of demonstrating
their microbial degradation, and environmental extremes for microbial activity based on existing
literature. Specific concerns for the use of asphalt in nuctear waste management plus potentiai
effects and consequences thereof are discussed. 82 references

186 Radioactive ‘wastes and fission products

776 Radioactive ‘wastes and radioactivity

»Asphalts; #Radioactive waste management- Bacteria; Bibliographies; Biodegradation; Chemical
properties; Encapsulation; Physical properties; Radioactive waste processmg, Reviews; Solidification;
Stability E -
Surveys
ENERGY CL 052002; NTISDE
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ANSWER .4 OF §

84(23).1705 NTIS Order Number : NUREG/CR-3798 _

Characterization of Cement and Bitumen Waste Forms Containing Slmulated Low-Level Waste
Incinerator Ash .

Westsik, J. H. Jr; Buschbom, R. L. Divine, J. R; Harvey, C. 0., Lokken, R. O.

Battelle Pacific Northwest Labs., Richland, WA

Sponsor : Nuclear Regulatory Commission, Washington, DC. Offaee of Nuclear Regulatory Research
{048335000) o _

NUREG/CR-3798; PNL- 5153

97 _p. NTIS Prices : PC AO5/MF A0
Aug 1984 " o

English CY United States .

GRA&IBA23 ' '
Incinerator ash from the combustion of general trash and ion exchange resins were immobilized
in cement and bitumen. Tests were conducted on the resulting waste forms to 'provide ‘a
data base for the -acceptability of actual low-level .waste forms. The testing was done in
accordance with the Technical Position on Waste Form. Bitumen had a measured compressive
strength of 120 psi and a leachability index of 13 as measured with the ANS 161 leach test
procedure. Cement demonstrated a compressive strength of 1400 psi and a leachability index of
7. Both waste forms easily exceed the minimum compressive strength of 50 psi and
leachability index of 6 specified in the Technical Position. Irradiation to 10 -to the 8th power
RAD and exposure fo thirty +60 to -30C thermal cycles: did not significantly impact these
properties. Neither wvaste form supported bacterial or fungal growth as measured with ASTM
G21 and G22 procedures. However, there is some indication_of blodegradatlon due to
cometabolism processes, Neither bitumen nor cement containing incinerator ash caused any
- corrosion or degradation of potential container materials including steel, polyethlyene and
. fiberglass. However, moist ash did_cause corrosion of the steel. | |

186  Radioactive wastes and fission products '

77G _ Radioactive wastes and radioactivity

716G Corrosion and -corrosion - inhibition :

»Incinerators; =Solid. waste disposal; *Ashes; »Containers; *Corrosion tests; Cements; Bitumens;
Steel structures; Fiberglass reinforced plastics; Polyethylene; Performance evaluation; Compressive
strength; Leachlng, Biodeterioration; Ion exchange resins; Solidification; Microorganisms
«Low-level radioactive wastes, *Radmaetwe waste storage

NTISNUREG; NTISDE
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CN= 18041781

TI= WICROBIAL PROCESSES IN THE FINAL REPOSITORY, THE SILO PART.  THEORETICAL APPROACH AND PREL IMINARY

~ 'EXPERIMENTS ON THE BIODEGRADATION OF BITUMEN, PART 1. - N T
‘U= ROFFEY R; HJALMARSSON K- oo oo i

CA= BROOKHAVEN NATIONAL LAB., UPTON, NY (USA)

RP= BNL-TR--1037 (PB--84-108919)

VN= 37 P. '84

cl= (M) N, L ) (BN ) (USA)

AV= AVAILABLE FROM NTIS, PC A_03; 3 AS DE85001TTd

CC= C54.00, £52.00 -

K¥= ANAEROBIC DIGESTION; BACTERIA; BITUMENS; CARBON DIOXIDE; DECOMPOSITION; EXPERIMENTAL DATA; HYDROGEN:
INTERMEDIATE-LEVEL RADIOACTIVE; LOW-LEVEL RADIOACTIVE WASTES; PH VALUE; RADIOACTIVE WASTE DISPOSAL; RISK
ANALYSIS o v SR _

AB= On Commission of SKBF/KBS the microbial processes that are likely to occur in the silo part of SFR, the

final repository for mediua- and low-level nuclear wastes, have been put together. The experimehtal studies

concerning microbial degradation of bitumen are described, From a picrobial point of view it is the
biodegradation of bitumen that constitutes the greatest risk in the silo part of SFR. The degradation,

- aerobic as well as anaerobic, leads to production of carbon dioxide which might cause a decrease in pH to
such an extent that hydrogen-gas producing corrosion of metal could occur. This production of gas tan cause
an increase in internal pressure of the repository. A culture of bacteria able to degrade bitumen aerobically
hes been enriched. Uptil no¢ no culture degrading bitumen under anaerobic conditions have been obtained, When

“ waking a risk assessment of the SFR at the present time it is not possible to completely disregard the
microbial ‘activity. An account is also given for some international contacts in this area. 11 references.

RB-7 . . |
‘CN= 18052180 . . . o _
TI= REPORT OGN CURRENT RESEARCH INTO ORGANIC MATERIALS IN RADIOACTIVE BASTE,
e RIS T MO ORGARLL walend S
CA= TAYSO0OD ENGINEERING LTD., WINFRITH (UK); DEPARTMENT OF THE ENYIRONMENT, LONDON (UKD
RP= TE--5140/86/%0003 (DOE-RW--87.110) e

¥N= 25 P, 87

=M (,,) @& ) (R

CT= PECD-7/9/156 ¥

CC= E52.00 o o . _

K¥= BACTERIA: CHELATING AGENTS; COMPLEXES, DECOMPOSITION; IMMOBILIZATION, INTERMED [ATE-LEVFL RADIOACTIVE;
ORGANIC POLYMERS; P4 YALUE; QUALITY CONTROL; RADIOLYSIS; RADIONUCLIDE MIGRATION, SOLUBILITY

AB= A preliminary review of relevant recent papers on organic materials in radioactive waste is presented,

" In particular, the effects of chelating or complexing agents, the influence of bacteria 2nd the role of

colloids are assessed, The requirement for further radicactive wasie inventory detail is indicated.

Potential problen areas associated with the presence of organic materials in radicactive waste are identified

and appropriate experimental work to assess their significance is proposed. Recommendations for specific

further work are made. A list and diagrams of soume of the more important polymer structures likely to be

present in redicactive waste and their possibie degradation products are appended, (author).
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K83111323, N83122888
RB-§ {KY ~VEBEYHEORERT AL (filn)
Stability testing of low-level waste forms,
PICIULO P L, SHEA C E, BARLETTA R E
(Brookhaver National Lab., New York)
PO98A US DOE Rep NO.BNL - NUREG 32943 PAGE.19p 83
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K86081470, N85081957
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Status of waste form testing. :
LAWROSKI H:(Edison Electric Inst., ID)
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K84021284, N84021862
RE-10 55 LUV <N BHEFESEYEY L DR

Characterization of low .and wmedium level‘ radioactive waste
forms.

~SAMBELL R A -] (AERE HM%H UK); DE
BATIST R, VAN ISEGHEM P, BRODERSEN
K, NOMINE J C, VEJMELKA P'KLUGER W,

- MCHUGH G, GLASSER - P

- H244B EUR Rep Comm Eur Commun NO, IBIJIQ 8663 PAGE. 119p '83
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K84051102, N84052371
RE4] 7 27 7 v F Bks L UM Dh « ﬁv«»ﬁ%%@&&@ﬁ&&kmgakw
R
Comparative study of test wuethods for b:tumm:zad and -
fother low— and medium-leve! solidified waste materials.
"BRODERSEN K, PEDERSEN B M VINTHER
A (Riso' Nationa! Lab., Denmark): :
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K84120921, N84122332

5L ~OVEEEY B kO TEHR
Stability testing of low-level waste {orus.
PICIULO P L, SHEA C E, BARLETTA R E
(Brookhaven National Lab.,” NY)
¥840442 Nucl Waste Menage  PAGE.484-473 ’84
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ANSWER 1 OF. 8

88(13):930 NTIS Order Number : DEB8750641/XAD

Characterization of Low and Medium Level Radioactive Wasles,

Nomine, J. C.; Tassigny, C.; Billon, J.

CEA Centre d'Etludes Nucleaires de Cadarache, Saint-Paui-les-Durance (France). Inst. de
"Recherche Technologigue e{ de Developpement Induslriel :

{D52119018; 9160911}

DE88750641/XAD; ERCEA-R-17

81 p. NTIS Prices : PC ADS/MF ADI
~ Availability : U.S. Sales Only.

Nov 1983 "

French CY France

GRA&I8813; ERA citation 13:005484

Leaching lests on real wastes embedded in cement, bilumens or resins. are realized to stuty
leachability of alpha-emitlers or fission products and anion-caiion exchange between leachate
and embedded materials. Radionuclide distribution is examined by spectrogammametry on cores
taken from cemented wasles. Qualitative resulls concerning degradation of wvasle blocks
embedded in bitumens by _bacteria in the ground are given

776 Radicaclive wvasies and radioactivity -

~w\Wasle Forms: Intermediale-Level Radioaclive Wastes; Low-Level Radivactive’ Wastes; Bacteria;
Bitumens; Cemenls; Encapsulalion; Leachales; Leaching; Radioactive Waste Storage; Resins

"Foreign technology
" ENERGY CL 052002; NTISDEE
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ANSWER 2 OF 9

87(14):2142  NTIS Order Number : PBB7-176996/XAD

Microbial Degradation of Bitumen Used for Encapsulating Radioactive Waste (Mikrobiell Nedbrytning

av Bitumen som Anvaends foer att Inkapsla Radioaktivt Avfall). (Final rept)
Roffey, R.; Hlaimarsson K.; - Norqvist, A.
Foersvarets Forskningsanstalt, Umea (Sweden).

(073216000)

PB87-175996/XAD; FOA-C-40238-4.%

58 p. - NTIS Prices : PC EIM/MF EDI :
Notes : Summary in Swedish. R
Mar 1987

“English CY Sweden

GRA&IBTI4 -

A survey has been carried out concerning microbial processes that are likely to occur in the
silo_part of the final repository for low- and intermediate-level radioactive waste (SFR). The
report is a summary of the studies that have been carried out. A literature review has been
performed describing ,aerobic and anaerobic degradation of bitumen that constitutes the greatest
risk in the silo part of SFR. The .degradation, aerobic as well as anaerobic,_ leads to
production of carbon dioxide which might cause a decrease in pH to such an extent that
hydrogen-gas producing corrosion of metal could occur. Microorganisms have been isolated that

can_degrade bitumen. The experimental work shows that bitumen will be degraded under

conditions similar to those in the repository and that anaerobic degradatiop also is possible,

77G  Radioactive wastes and radioactivity

#Bitumens; +*Degradation; ~Radicactive wastes; Radioactive waste processing; Microorganisms;
Biodeterioration; Bacteria; Hydrocarbons; Gas production; Aerobic processes; Anaerobic processes
»Foreign technology '
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CN= 19087725

TI= BIODEGRADATION OF BITUMINOUS PRODUCTS FROM PROCESSING LI1QUID RADIOACTIVE WASTES,

AU= TIBENSKY L, KREJCI F, HLADKY E (VYSKUMNY USTAY ~JADROVYCH ELEKTRARNI, TRNAVA (CZECHOSLOVAKIA)). HALAMA D
"(SLOVENSKA YYSOKA SKOLA TECHNICKA, BRATISLAVA (CZECHOSLOYAKIA). CHEMICKOTECHNOLOGICKA FAKULTA)

= (0448-116X) JAD. ENERG.

VN= V. 34(8) P, 222-226 '88

cl=Q) (,, ) (8K -} (CSK) ENGLISH TRANSLATION AVAILABLE FROM NUCLEAR lNFORMATION CENTER, 156 18 PRAGUE
5-ZBRASLAV, CZECHOSLOYAKIA AT US$ 10 PER PAGE. '

CC= B24.50

KW= BIOINTRUSION; BITUMENS: CULTURE MEDIA; DECOMPOSITION: INHIBITION. LIQUID WASTES; PSEUDOMOVAS, RADIOACTiVE
WASTE DISPOSAL

AB= One of the possible ways of d!sturbing the stability of bituminous products from liquid radioactive waste

processing, is biodegradation caused by common microorganisus. Pseudononas _bacteria and & Bacillus cereus

culture were selected for experimental study of cultivation of microorganisms. Experiments with mixed

cultures were also performed. Pitches, ajatin and imidazoline were used as inhibitors. The thin layer and the

emulsion methods were used in assessing biological corrosion. The results of the experiments are discussed

with respect to the dependence of bacterial growth on bitumen bicdegradation, the effect of pH on bitumen

degradation and the effect of inhibitors on bitumen biodegradation. The salts contained in bituminous

products were not found to significantly affect the rate of destruction, The degree of degradation was found

“to mainly depend on the bitumen, its chemical composition, and on the conditions of storage. It was also

found that inhibitor 24ditions in some cases medified the properties of the matrix such that it became more

liquid. The coefficient of extractibility thus increased of matrix sa2lts, The recultivation of bacteria on a

full-value medijun resulted in the loss of the inhibitory effect. In some cases, the inhibitor even stizulated

the growth of microorganisms. The use of inhibitors in an effort to achieve biostability of bituminous

products thus did not solve the probiem. (Z.M.). 2 tabs., 8 refs. S -
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B5(08):1711 NTIS Order Number : DEB5003886/XAD

Field Lysimeter Facility for Evaluating the Performance of Commercial Solidified Low-Level
Waste. .

Walter, M. B.; Graham, M. J.; Gee, G. W.

Battelle Pacific Northwest Labs., Richland, WA

Sponsor : Department of Energy, Washington, DC .

(048335000; 9512268)

Contract : ACCG-76RLD1830

DEB5003886/XAD; PNL-5253

46 p. NTIS Prices : PC AO3/MF A0

Availability : Portions are illegible in microfiche products. Original copy available until stock is
exhausted.

Nov 1384

English CY United States

GRA&I8508; ERA citation 10:006521 .

Analyzing the potential migration of radionuclides from sites containing solid low-level wastes
requires knowledge of contaminant concentrations in_the soil _ solution_ surrounding__the wvaste,
This soil solution concentration is generally referred to ,as' the source term and is determined
by such factors as the concentration of radionuclides in the solid waste, the rate of [eachate
formation, the concentration of dissolved species in the leachate, any solubility reactions
occurring when the leachate contacts the soil, and the rate of water flow in the soil
surrounding the waste. A field lysimeter facility established at the Hanford site is being wused
to determine typical source terms in arid climates for commercial low- level wastes solidifed
with cement, Dow _polymer ({vinyl ester-styrene), and bitumen. The field Iysimeter facility
consists of 10, 3-m-deep by L8-m-dia closed-bottom lysimeters situated around a 4-m- -deep by
4-m-dia central instrument caisson. Commercial cement and Dow polymer waste samples were
removed from 210-L drums and placed in 8 of the lysimeters. Two bitumen samples are
planned to be emplaced in the facility’s remaining 2 lysimeters during 1984. The central caisson
provides access to the instrumentation in the individual lysimeters and aflows selective sampling
of the soil and waste. Suction candles (ceramic cups) placed around the waste forms will be
used to periodically collect soil-water samples for chemical analysis.. Meteorological data, soil
moisture content, and soil temperature are automatically monitored at the facility.
Characterization- of the soils and waste forms have been partially completed. These data
consist of moisture release characteristics, particle-size distribution, and. distributions and
concentrations of radionuciides in the waste forms. 1 references, 12 figures, 5 tables.
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68F Radiation pollution and control

680 Water pollution and control

68C Solid wastes pollution and control

»Ground Water; *Low-Level Radioactive Wastes; +Soils; Bitumens; Cements; Hanford Reservation;

RW-3,

CN= 768252 .

Ti= WEATHERING AND DECONTANINATION OF RADIOACTIVITY DEPOSITED ON ASPHALT
SURFACES.

AU= WARMING L

CA= RISOE NATIONAL LAB., ROSKILDE (DENMARK)

JN= (87-550-0903-4)

RP= RISO-M--2273

VN= 22 P, '82 <

ci= (T) (, , ) (EN_ ) (DNK) 6 REFS.

AV= ALSO AVAILABLE FROM RISOE LIBRARY, DK-4000 ROSKILDE, DENNARK

CC= C54.00 ‘

KW= ASPHALTS: DECONTAMINATION: EXTERNAL IRRADIATION; FALLOUT DEPOSITS; FISSION
PRODUCTS; GAMMA RADIATION; REACTOR ACCIDENTS; SNOW; SURFACE CLEANING;
SURFACE CONTAMINATION: URBAN AREAS; WATER; WEATHER )

AB= Longlived fission products might be deposited in the environment after a

serious reactor accident. At Risoe we have studied how danish weather

conditions and fire hosing influence the decontamination of Rubidium 86

(representing Cesium 134 and 137) Barium-Lanthanum 140 and Ruthenium 103

deposited on asphalt surfaces, Measurements have been done at different types

of roads and during all seasons including winter with snow and ice cover of

the roads. The results from the first five experiments were used for

caleculating doses to the population in the land contamination (RIS0-R-462).

(author).

-3 | .

CN= 16045600 , :

Ti= WEATHEEING AND DECONTAMINATION OF RADIOACTIVITY DEPOSITED ON CONCRETE
- SURFACES.

AU= WARMING L

~GA= RISOE NATIONAL LAB., ROSKILDE (DENMARK)

JN= (87-550-1068-7)

RP= RISO-4--2473

¥N= 13 P, '84

Ci=(T) (,,) (X ) (DNK)

CT= BIO-F-423-81-F, CONTRACT SC-014-BIAF-423-DK(SX)

AV= ALSO AYAILABLE FRON RISOE LIBRARY, DK-4000 ROSKILDE, DENMARK

GCC= (54,00

KW= ASPHALTS: CONCRETES; DECOMPOSITION; DECONTAMINATION; EXTERNAL IRRADIATION:

FALLOUT DEPOSITS; FISSION PRODUCTS; GAMMA RADIATION; REACTOR ACCIDENTS:
RODS; RUBIDIUHM 86: SURFACE CLEANING; SURFACE CONTAMINATION: URBAN AREAS:
WATER: WEATHER ‘

AB= Long lived fission products might be deposited in the environment after a
serious reactor accident, At Risoe we have studied how Danish weather
conditions and fire hosing influence the decontamination of Rubidium86
(representing Cesiuml34 and Cesiuml37) deposited on conecrete surfaces.
HNeasurements have been made at two different types of concrete and at some
asphalt surfaces for comparison. (author).
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85{(08):1230  NTIS Order Number : DEB85002525/XAD

Evaluation of the Performance of Solidified Commercial Low-Level Wastes in an Arid Ciimate.
Graham, M. J; Walter, M. B. - |

Battelie Pacific Northwest Labs., Richland, WA

Sponsor : Department of Energy, Washington, DC

{D48335000; 9512268}

Contract : ACO0G-76RLOIB3D

DE85002525/XAD; PNL-SA-12538; CONF-8409115-12
13 p. NTIS Prices : PC A02/MF ADI

Notes : Annual Low-Level Waste Management Program participants’ information meeting, Denver,
CO, USA, 1 Sep 1984, o
Sep 1984 '

English CY United States

GRA&I8508; ERA citation 10:004396 _

Shallow land burial is being used as a disposal method -for commercisl low-level waste at
waste disposal sites in arid (Hanford site near Richland, Washington) ‘and humid (Barnwell, South
Carolina} climatic regions. A field lysimeter facility has been established at the Hanford site in
which to conduct wvaste-form leaching tests. The primary objective of this research is to
determine typical source terms generated by commercial solidified low-level wvastes. The field
lysimeter facility consists of ten 3-m-deep by 18-m-diameter, closed-bottom lysimeters around
a central instrument caisson, 4 m in diameter. Commercial cement and vinyl ester-styrene,
waste samples were removed from 2i10-L drums and placed in the 18-m-diameter lysimeters.
Two bitumen samples are planned to be emplaced in the facility in_1984. The central caisson
provides access to the instrumentation in the individual lysimeters and -allows selective sampling
of the soil and waste forms. Suclion candies (ceramic cups) placed around the waste will be
used to periodically collect soil water samples for chemical analysis. Meteorological data,
moisture content, and soil temperature are automatically monitored at the facility.
Characterization of the soils and waste forms have been partially completed. These data
consist of moisture release characteristics, particle size distribution, concentrations and
distributions of radionuclides in the waste forms, concentrations of radionuclides in the . waste
streams, and concentrations of hydrophilic organic species in one of the waste steams. 8
references, 3 figures, 5 tables.
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86(02):1223 NTIS Order Number : DE85017906/XAD-

Special Waste Form Lysimeters-Arid. Annual Report, 1385.

Walter, M. B.; Graham, M. J. )

Battelle Pacific Northwest Labs., Richland, WA

Sponsor : Department of Energy, Washington, DC

{048335000; 9512268}

Contract : ACO06-76RLO1830

DEBE017906/XAD; PNL-SA-13314; CONF-8509121-2

np. NTIS Prices : PC AD2/MF ADI

Notes : Annual DOE LLWMP participants information meetlng, Las Vegas, NV, USA,-10 Sep
1985.

Sep 1985

English =~ CY United States

GRA&IB602; ERA citation 10.048287

The Special Waste Form Lysimeteré-Arid program was initiated to determine typical source
terms generated by commercial solidified fow-level nuclear waste in an arid climate, '
Waste-form leaching tests are being conducted at a field facility at the Hanford site near
Richland, Washington. A similar program is being conducted at a humid site. The field facility
consists of 10 lysimeters placed around a central instrument caisson. The waste samples from
boiling water and pressurized water reactors were emplaced in 1984, and the lysimeters are
being monitored for movement of contaminants and water. Solidifying agents being_tested
include viny! -ester-styrene, bitumen, and cemenf. Laboratory leaching and geochemical modeiing
studies are being conducted to predict expected leach rates at the field site and to aid
field-data interpretation. Small samples of the solidified waste forms were made for use in
the laboratory leaching studies that include standard leach tests and leaching of solidified waste
forms in soil columns. Complete chemical and radionuclide analyses are being conducted on the
solid .and liquid portions of the wastes. 2 refs. o
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«Cesium 137; «Cobalt 8C; »Low-Level Radioactive Wastes, #Soils; *Waste Forms; Arid Lands;
BWR Type Reactors; Bench-Scale Experiments; Bitumens; Cements; Experimental Data; Hanford
Reservation; Leaching; PWR Type Reactors; Radioactive Waste Disposal; Radionuclide  Migration;
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CN= 4518863

Ti= TECHNICAL EVALUATION OF UREA-FORMALDEUYDE RESINS INCORPORATING SPENT ION
EXCHANGERS FROM NUGLEAR POWER PLANTS,

AU= DONATO A (COMITATO NAZIONALE PER L'ENERGIA NUCLEARE, CASACCIA (ITALY).
LAB. RIFIUTI RADIOATTIVi)

JN= ATOMKERNENERG. KERNTECH.

YN= V¥, 33(1) P, 34-37 '79

CC= B24,00, E51.00

KW= CESIUX 137; COBALT 58; DIFFUSION; FISSION PRODUCT RELEASE; FLAKMABILITY;
FORMALDEHYDE; ION EXCHANGE; LEACHING; MECHANICAL PROPERTIES; PH VALUE;
RADIOACTIYE WASTES; RESINS; SAMPLE PREPARATION; SOLIDIFICATION; STRONTIUN
85;: UREA: VERY HIGH TEMPERATURE; WATER; WEATHER

AB= The properties of urea-formaldehyde incorporating spent Powdex ion

exchange resins were examined from the radiological protection and safety

point of view, The following properties were taken into consideration;
flammability and heat resistance; mechanical strength: resistance to
weathering: leachability. Urea-formaldehyde presents very poor mechanrical
resistance; extremely high leakage of Cesium; very low pll values produced in
the water going in contact with it; no resistance to weather cycles, Its is
opinion of the author that urea-formaldehyde cannot replace cement or bitumen
for the solidification of spent ion exchange resins from nuclear power plants.
(orig.).

RW-7

CN= 17070072 ) ‘

Tl= PROJECT GUARANTEE 1985, FINAL REPQSITORY FOR LOW- AND INTERMEDIATE-LEVEL

-RADIOACTIVE WASTES: THE SYSTEN OF SAFETY BARRIERS.
CA= NATIONALE GENOSSENSCHAFT FUER DIE LAGERUNG RADIOAKTIVER ABFAELLE {NAGRA),
. BADEN (SWITZERLAND)

RP= NGB--85-07

YN= 254 P, '85 ‘

CC= E52,00 _

KW= BACKFILLING; BITUMENS; CEMENTS; CLIMATES; CONTAINERS; CORROSION;
DIFFUSION:; GEOCHEMISTRY; GEOLOGY; UYDROLOGY:; INTERMEDIATE-LEVEL
RADIOACTIVE; LOW-LEVEL RADIOACTIVE WASTES; MATHEMATICAL MODELS:
MIGCROORGANISHS; ORGANIC POLYMERS; RADIOQACTIVE WASTE DISPOSAL; RADIOLYSIS;

. RADIONUCLIDE MIGRATION; SAFETY ANALYSIS; SOLUBILITY; UNDERGROUND DISPOSAL
AB= The safety barrier system for the type B repository for low- and
intermediate-level waste is described, The barrier parameters which are
relevant for safety analysis are ,quantified and associated error limits and
data scatter are given, The aim of the report is to give a summary
documentation of the safety analysis input data and their scientific
background. For secure containment of radioactive waste safety barriers are
used which effectively limit the reléease of radioactive material from the
repository (release barriers) and effectively retard the entry of the original
radioactive material into the biosphere (time barriers). In the case of low-
and intermediate-level waste the technical safety barrier system comprises:
waste solidification matrix (cement, bitumen and resin), immobilisation of the
waste packages in containers using liquid cement, concrete repository
containers, backfilling of remaining vacant storage space with special
concrete, concrete lining of the repository caverns, sealing of access tunngls
on final closure of the repository. Natural geological safety barriers - host
rock and overlying formations - have the following important functions.

Because of its stability, the host rock in the repository zone protects the

technical safety barrier system from destruction caused by climatic effects

and erosion for & sufficient length of time. It also provides for low water
flow and Favourable chemistry (reducing conditions),
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