
S H I E L DA L LOY M ETA L LU RG I CA L C 0 R PO RAT IO N 

C. SCOTT EVES 
VICE PRESIDENT - ENVIRONMENTAL SERVICES 

WEST BOULEVARD 
P.O. BOX 768 
NEWFIELO, NJ 08344 
TELEPHONE (609) 692-4200 
TWX (510) 667-8918 
FAX (609) 697-9025 

October 31, 1994 

Mr. Tracy A. Ikenberry, CHP 
Senior Research Scientist 
Health Physics Department 
Pacific Northwest Laboratories 
Battelle Boulevard 
Richland, Washington 99352 

RE: Request for Information for Environmental Assessment 
for Shieldalloy Metallurgical Corporation, Newfield, NJ Site 

Dear Mr. Ikenberry, 

During your visit here on September 13, you requested a copy of the results from the 
leachability test that was performed on the ferrocolumbium slag from the Newfield 
operation. Attached is a copy of these results. We will also send you copies of the results 
of the radon testing that will be done on the slag piles and at the fence line. Please let me 
know if any additional information is required for you to complete the Environmental 
Assessment. 

Cordially, 

C. Scott Eves 

CSE.lms 
CC: Gary Comfort, USNRC 

David R. Smith 
Lidia M. Stasiuk 
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In t r oducf I o n  

Shieldalloy Metallur@al Corporaticn (SMC) in Newfield, New Jersey is a seecklty metals 
prcduction facility. In one operstion, columbium is extrac!ed from ore cnvntaining naturzlly 
occamng uranium afid thorium. During the process uranium, thorium and decay products 
remain in the farm ci a hard dag. The slag piles are segregated from other materials based on 
the origin of the ore (ferro cdumbium, ferro vanadium) whicb is related to their residusl 
radioadivity. The mstzrisl is stcred on-site as unwvered piles. 

The leachability data of radioac?ive material in the FeCb slag was requested by the NRC. SMC 
mntracted with Teledyne Isotopes to determine the leachable fraction of radicnuciices in slag 
following American Nationzl Standards Institute/American Nucfear Sccie?y Standard 16. I - 
1986. "measurement of the leachability of solidified low-level radioactive wastes by a short- 
term test procedure". 

Sample Collection and Analysis 

The slag at SMC is genersted at a furnace in 8uilding D-111. Various ores are mixed together 
and placed in a large furnace which is heated by electric arc to temperztures of 2,000" C., for 
several hours. When the reac!ion is complete, the furnace is then tilted allowing the slag to 
cascade down to two successive cast iron pots. The slag cascades from the first pot to the secarid, 
the metal or metal and slag remain in the first pot. To obtain samples four six incb by three 
qumers of an inch metal pipes were constructed and capped on one end. An eight foot length of 
reinfofcing bar was welded to the middle of each pipe. During a "melr on 7/12/91 eacb of the 
four sampling pipes was briefly placed under the liquid metal stream to collect the slag and then 
ailowed to harden. The following day the pipes were packaged and shipped to Teledyne Isotopes' 
Westwoad laboratory. 

Because there was some spiilage of the molten slag, final slag samples were 13 cm long and 1.9 
cm in diameter. This gives a length to diameter ratio of 6.8, sfightly greater than the maximum 
ratio of 5 specified in the standard. This deviation was necessary for several reasons. First, 
the time frame involved a three month leach test with an additional six week period at the end 
for preparation and alpha spectroscopy on the final leachate sample. The metal pipes used were 
readily available on-site. Once the samples were obtained and cooled, it was impossible to cut 
them to Size without fracturing the entire sampie. In addition, there were constraints on the 
leachate container size relative to the sampie size whicb limited the choices available. The 
deviation in length to diameter ratio should have n o  effect on the results. 

The slag samples were removed from the collection pipes by passing a thin router bit down the 
length of the pipe on both sides in 1/16. depth increments. The pipe halves were then pried 
apart, leaving 3 of the 4 slag samples intact. Two samples were chosen for the leacbability test. 
80th the samples and the pipe halves were rinsed with demineralized water, which constitutes 
the first sample required by the ANSi 16.1 standard. Each of the samples were then suspend& 
in a one liter grzduated cjlinder using stainless steel wire. The surface area of eac!! sample was 
83.9 cm* 50, per the ANSi standard, 840 ml of leachate was used. The opening was covered with 
a polyethylene film and the leachate changed at the specified frequency for the duration of the 
three month procedure. 

During each leachate change out, the temperature and conductivity of the leachate was measured. 
The temperature ranged from 20°C to 25°C. The electrical conductivity of the deionized water 
was 0.1 pnho. The leachate was transferred to a one liter plastic bottle and submitted fo the 
radiochemistry lab at Teledyne Isotopes' Westwood, New Jersey Iaborztov for analysis of . 
uranium and thorium by alpha spectroscopy and Aa-226 by emanation. 



The third slag sample was crushed at SMC, to a 100 mesa grade and then returned :o Teledyne 
Isotcpes for the same analysis as the leachate. The values obtained from this analysis were used 
as Ao, the 'initiaf" ac:ivity. This is a departure from the ANSI standard wnich assumes the 
activity of the waste stream is known prior to solidification. However, the sample volumes 
were small campared to the total vclume fCr  the "meit" and they were alles:ed in e p i c  
succession. Therefcre, the sctivities between samples should be mrnparzbk. 

Results 

The results of the leachability test are provided in Appendix 1. Radium-225, Uranium-23~, 
235, 238 and thorium-223, 230 and 232 were analyzed in the leachate from two sfag samples. 
A description of each column will be provided in this section. The importance of eacn of the 
three parameters, total leachability index, mnfidenca range, and correlation coefficient will be 
detailed in the discussion section. 

Column one specifies the leach interval. The full leach test was performed rather than rhe 5 day 
abbreviated test. 

Column two shows the leaching time in seconds as required for calculations. The leaching times 
were, consecutively, 2 hours, 7 hours, 17 hours then four 24 hour periods, 336 hours, 6T2 
hours and 1,032 hours. 

The third column gives the mean time of the leaching interval. Mathematically this is derived 
by Equation 2 in the ANSI standard. It is the midpoint of the cumulative leach time for a given 
interval. This parameter is used in the calculation of the diffusivity. 

The fourth column is the activity leached from the slag sample in the given time interval. The 
laboratory results in pCill are provided in Appendix I t .  The results in column four have been 
adjusted from the lab report by 0.84 because the volume of leachate was 840 mi. 

The initial activity, in a l u r n n  five, is the result of analysis on a slag sample obtained at the 
same time as the two slag samples in the leaching study. The laboratory results in Appendix II  
which are in pCVg, were multiplied by the weight of the slag sa'mple to give the total activity 
available for leaching. 

Column six is the initial activity divided by the  activity leached for each time interval as a 
percent. The release rate in column seven is the fraction of activity released per s a n d  of leach 
time. This column is important because it normalizes the different leaching times and indicates 
trends in the release rate of rzdioactivity. 

The diffusivity appearing in mlurnn eight is calculztd using Equation 7 in the ANSi standard. It 
is based on the incremental fraction of radioactivity leached. It is a two-dimensional variable 
because it assumes that the leaching of radioactivity is controlled solely by diffusion, and the 
sample is a semi-infinite medium, k there is no volume to the sample, only surf- ace area. 

The final mlumn lists the leachability index for each time interval, whic!! wiil b e  averaged over 
all intervals for the total leac3ability index. This is a dimensionless number which must be 
compared to leachability indices from tests on different materials and isotopes in order to have - I 

any relevance. 

. 
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The total leacbabiiity index and m n f i d m , ?  range as well as tbe mrrelaricn csefficient, are given 
a! the bottom of each pzce in Appendix I .  These values are dcdated using equations 5, 8 ,  2r;d 
70, respectively, in the ANSI standard. 



ANSIIANS-10.1 Leachability Test for Shleldalloy Metalurglcal Cotp. Slaa 

Leach Leachlng Mean Time ol Activity lnltlal Fraction Released Release Rate nllliisivlly I-encliahillty 
interval Tlme (sec) Leachlna Leached (pCI) Activity During lnlerval (fractlonlsec) (cm sqlsec) index 

(n) 0) Interval (An) ( P W  ( W  
(r) ( A N  

I 

2 

3 

4 

5 

6 .  

7 

? 
9 

10 

7.2 E+03 

1.8 Et04 

6.1 E-1-04 

8.6 E+04 

0.6 Et04 

8.6 E+04 

8.6 Et04 

1.2 Et06 

2.4 Et06 

3.7 Et06 

I .a E-I 03 

1.5 E+04 

5.1 Ec04 

1.3 E-1-05 
2.1 E+05 

3.0 E+05 

3.8 E+05 

9.4 Et05 

2.7 E+06 

5.8 Et06 

Sample #: 001 

Weight: 11 3.3 
Leachability : 9.05 

29.4 

5B.B 

142 

252 

142 

69.8 

60.5 

151 

i i a  
200 

2.04E-tO4 

2.04€+04 

2.04E-tO4 

2.04E+04 

2.04Et04 

2.04E-1-04 

2.04Et04 

2.04E-1-04 

2.04Et04 

2,04E+04 

0.14°% 

0 . a 0 / m  
0.70% 

1.24% 

0.70% 

0.34% 

0.30% 

0.74% 

0.58% 

0.08% 

Nuclide: Ra-226 

Confidence Range: 
Correlation Coefficient: 

2.00 E-07 

1.60 E-07 

1.14 E-07 

1.44 E-07 

8.09 E-08 

3.98 E-08 

3.45 E-On 

6.17 E-09 

2.41 E-OS 

2.65 E-09 

0.73 
0.44 

4.49 E-11 

2.36 E 4 0  

4.15 E-10 

1.62 E-09 

0.72 E-10 

2.96 E-10 

2.87 E-10 

2.22 E-11 

9.83 E-12 

2.52 E-11 

10.348 

9.627 

9.332 

8.791 

9.059 

9.520 

9.542 

10.653 

11.008 

10.599 

. I' 



ANSVANS-16.1 Leachablllty Test tor Shieldalloy Netaluralcal Carp. Slaa 

LeachlnO Mean Tlme of Acllvlly lnlllal Fractlon Released Release Rate Dllkislvlly Leachoblllly 
T h e  (aec) Leachlnl) Leached (pCI) Acllvlty Diirlna Interval (fracllonlsec) (cm aqlsec) Index 

(1) Interval (An) ( P W  (Ln) cr) (W 

1 

2 

!3 

4 

5 

6 

7 

7.2 Et03 
1.8 Et04 

6.1 Et04 

0.6 Et04 

R,6 Et04 

0.6 Et04 

0.6 Et04 

1.2 Et06 

1.0 Et03 

1.5 Et04 

5.1 Et04 

1.3 Et05 

2.1 E+O5 
3.0 E+05 

3.9 Et05 

9.4 Et05 

9 2.4 Et06 2.7 Et06 

10 3.7 Et06 5.8 Et06 

. 
Sample #: 001 

Weight: 113.3 
; Leachability: 12.44 

0.14 
3.53 

0.92 

0.67 
0.29 

0.34 

0.08 

0.59 

0.14 

0.67 

i.59Et03 

1.59E+03 

1.59Et03 

1.59Et03 

1.59E+03 

1.596t03 

1.59Et03 

1.59Et03 

1.59Et03 

1.59Et03 

0.01% 

0.22% 

0.06% 

0.04% 

0.02% 

0.02% 

0.01% 

0.04% 

0.01 % 

0.04% 

1.22 E-OB 

1.23 E-07 

9.49 E-09 

4.90 E-09 

2.12 €49 

2.49 E-09 

5.105 E-10 

3.09 E-10 

3.67 E-11 

1.14 E-10 

1.67 E - 1 3  

1.40 E-1 0 

2.87 E-12 

1.00 E-1 2 

5.99 E-13 

1.16 E-12 

8.26 E-14 

5.59 E-14 

2.28 E-15 

4.66 E-14 

12.776 

9.054 

1 1.543 

11.725 

12.223 

11 336 

i3.Q1\3 

13.253 

14.643 

13.332 

Nuclide: U-234 

Confidence Range: 10.48 
Correlation Coefficient: 0.76 

to 14.40 



I 
ANSIIANS-16.1 Leachability Test far Shieldallay Metalurnical Corp. Slag 

Leach Leachinn Mean Tlme of Aclivity lnltlal Fractlon Released Release Rate Dtflusivlty Leachablllly 
Interval Time (see) Leaching Leached (pC\) Activity Dutino Interval (fraclionlsec) (cm sqlsec) Index 

0-0 (1) Interval (An) (PCO (Ln) 
0-1 (A01 

1 7.2 Et03 1.0 Et03 0.17 2.04€+02 0.00% 1.16 E-07 i.m E- t i 1 n .o2.1 

3 6.1 Et04 5.1 Et04 0.17 2.04Et02 0.08% 1.37 E-00 5.04 E-12 11.226 

4 0.6 E+04 1.3 Et05 0.08 2.04Et02 0.04% 4.56 E-09 1.63 E-12 11.700 

11 3 6 0  2 1.8 Et04 1.5 Et04 0.00 2.04Et02 0.04% 2.18 E-08 4.37 E-12 

5 8.6 E+04 2.1 Et05 0.07 2.04Et02 0.03% 3.69 E-09 2.12 E-12 11.674 

6 0.6 E+04 3.0 Et05 0.06 2.04E+02 0.03% 3.42 E-09 2.19 E-12 11.660 

7 8.6 E+04 3.9 Et05 * 0.06 2.04Et02 0.03% 3.42 E-09 2.82 E-12 11.539 

8 1.2 Et06 0.4 Et05 0.25 2.04E.t.02 0.1 2% 1.02 E-09 6.09 E-13 12.215 

9 2.4 E+06 2.7 Et06 0.06 2.04E-tO2 0.03% 1.23 E-10 2.51 E-14 13.595 

10 3.7 Et06 5.8 Et06 7.56 2.04Et02 3.71% 1 .00 E-08 3.60 E-10 9.444 

. Sample #: 001 Nuclide: U-235 

Welght: 113.3 Confidence Range: 9.96 
Leachability: 1 I .53 Correlation Coefficient: 0.61 

to 13.1 1 



ANSVANS-16.1 Leachablllty Test for Shleldalloy kh3tahJrQlcal Corp. SlaQ 

LeechlnQ 
Tlme (aec) 

(1) 

Mean Tlme 01 Actlvlly lnlllal Fmcllon Released Release Rale DHfualvlly 
Leachlng Leeched (pel) Actlvily Durlng Interval (fracllonlsec) (cm sqlsec) 
intet~ai ( A N  ( P W  

m ( A 4  

Leachablllly 
Index 
(Ln) 

Sample #: 001 Nuclide: U-238 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
I 

7.2 Et03 

1.11 E404 

6.1 E+04 

8.6 Et04 

8.6 Et04 

0.6 Et04 

0.6 Et04 

1.2 Et06 

2.4 Et06 

3.7 Et06 

1.0 E+03 

1.5 Et04 

5.1 Et04 

1.3 Et05 

2.1 Et05 

3.0 E+05 

3.9 Et05 

0.4 Et05 

2.7 E+06 

5.0 E+06 

0.08 

1.18 

0.81 

0.48 

0.16 

0.17 

0.17 

0.69 

0.19 

16.8 

1.36E+03 

1.36E+03 

1.366t03 

1.36Et03 
1.36Ei-03 

1.36€+03 

1.36Ei.03 

1.36Ei.03 

1.36Et03 

1.36Et03 

0.01% 

0.09% 

0 .06% 

0.04% 

O . O l %  

0.01% 

O.0l0/0 

0.05% 

0.0l0i!0 

1.24% 

0.17 E-09 

4.82 E-08 

9.76 E-09 

4.1~ ~ - 0 9  

1.37 E-09 

1.45 E-09 

1.45 E-09 

4.23 E-IO 

5.82 E-i 1 

3.34 E-09 

Weight: 113.3 Confidence Range: 10.47 
8 Leachability: 12.21 Correlation Coefficient: 0.68 

7.47 E 1  4 

2.14 E-1 1 

3.04 E-12 

1.32 E-1 2 

2.49 E-13 

3.96 513 

5.10 E-13 

1.04 E-13 

5.73 E-i 5 

4.00 E-1 1 

to 

1 3. 'I 26 

1 Q ,670 

11.518 

11.079 

12.604 

12.403 

12.293 

12.001 

14.242 

10.3911 

13.96 



ANSVANS-16.1 Leachablllly Test tor Shleldalloy Metalurfllcal Cotp. Slan 

Leach Leachlnl) Mean Tlme of Actlvlty lnltlal Fractlon Released neloase Rate DlfltialvlIy I-eachahlllty 
ln\erval Time (sec) Leachlng Leached (pCI) Acllvily Durlna Interval (fracllonlsec) (em sqlsec) Index 

(n) 0) lnletval (An) ( P W  (1-N 
(r) (Ao) 

1 

2 

3 

4 

5 

6 

7 

0 

9 

10 

7.2 Et03 

1.8 Et  04 

6.1 Et04 

0.6 Et04 

0.6 E 4 4  

8.6 E-tW 

8.6 Et04 

1.2 Et06 

2.4 Et06 

3.7 Et06 

1.8 E+03 

1.5 E+04 

5.1 Et04 

1.3 Et05 

2.1 Et05 

3.0 Et05 

3.9 Et05 

9.4 Et05 

2.7 Et06 

5.8 E + O ~  

1 .a5 

1.68 

2.52 

1.51 

2.27 

3.53 

2.52 

12.6 

8.23 

2.52 

7 . 5 ~ ~ 0 2  

7.59€+02 

7.59Et02 

7.59E+02 

7.59Et02 

7.59E-t.02 

7.59Et02 

7.59Et02 

7.59Et02 

7.59€+02 

0.24% 

0.22% 

O.33O/o 

0.20% 

0.30% 

0.47% 

0.33% 

1.66% 

1 .oa% 
0.33% 

3.30 E-07 

1.23 E-07 

5.44 E-00 

2.31 E-OD 

3.48 E-08 

5.41 E-00 

3.06 E-OB 

1.38 E-00 

4.52 E-09 

8.97 E-10 

1.20 E-1 0 

1.39 E-i  0 

9.44 E-11 

4.19 E-1 1 
1.61 E-10 

5.40 E-10 

3.60 E-10 

1.12 E-10 

3.45 E-11 

2.09 E-12 

9.m2 

9.856 

1 Q .025 

10.377 

9.793 

9.262 

9.444 

9.952 

10.462 

11 539 

Sample #: 001 Nuclide: Th-2213 

Weight: 113.3 Confidence Range: 
Leachability: 10.06 Correlation Coef flclent: 

9.1 0 
0.37 

to 11.02 



ANSVANS-18.1 Leachablllty Test for Shleldalloy Metalurfllcal Corp. Slan 

Leach Leachha Uesn T h e  of Actlvlty lnlllal Fracllon Released Release Rate nlfliislvlly Leachablllly 
lntorval Time (sec) Leachlno Leached (pCI) Activity During Interval (fracllonlsec) (em sqlsec) Index 

(n) (t) Interval (An) ( P W  (Ln) 
(r) (A01 

1 

2 

3 

4 

5 

6 

, 7  

8 

9 

10 

7.2 E+03 

1.8 E+04 

6.1 Et04 

8.6 Et04 

8.6 Et04 

8.6 E+04 

8.6 Et04 

1.2 Et06 

2.4 Et06 

3.7 E+06 

1.0 GO3 

1.5 Et04 

5.1 Et04 

1.3 Et05 

2.1 Et05 

3.0 Et05 

3.9 Et05 

0.4 Et05 

2.7 Et06 
5.8 E+06 

I 

Sample #: 001 

Weight: 113.3 
Leachability: 9.95 

2.69 

0.92 

0.59 

0.44 

0.71 

11.8 

0.84 

0.84 

0.25 

0.76 

2.1 5Et02 

2.1 5E+02 

2.15Et02 

2.1 5Et02 

2.1 5E+02 

2.1 5E+02 

2.15Et02 

2.1 5Et02 

2.1 5E+02 
2.15Ei02 

1.25% 

0.43% 

0.27% 

0.20% 

0.33% 

5.49% 

0.39% 

0.39% 

0.12% 

0.35% 

Nuclide: Th-230 

1.74 E-06 

2.30 E-07 

4.50 E-08 

2.38 E-OB 

3.84 E-06 

6.38 E-07 

4.54 E-08 

3.26 E-09 

4.84 E-10 

9.55 E-10 

Confidence Range: 7.63 
0.90 Correlation Coef f lcient 3 

3.30 E-09 

5.20 E-10 

8.45 E-1 1 

4.44 E-11 

I .96 E-i n 
7.63 E-08 

4.98 E-10 

6.19 E-12 

3.97 E-13 

3.28 E-12 

to 

-~ 

Ij.47 1 

9.284 

10.191 

10.353 

9.707 

7.118 

0.303 

11.2063 

12.401 

11.485 

12.27 



ANSIIANS-16.1 leachablllty Test for Shleldalloy Metalur~lcal Corp. Slaa 

Leach Leachlng Mean Tlme of Acllvily lnlllal Fraction Released Release Rate Dllluslvi~y Leachabllily 
Interval Time (sec) Loachino Leached (pCI) Actlvlty Durlng Interval (fractlonlsec) (cm sqlsec) Index 

(n) 0) interval (An) ( P W  Wn) cr) ( A 4  

1 

2 

3 

4 

5 

6 

7 

0 

9 

10 

7.2 E+03 

1.0 Et04 

6.1 E+04 

8.6 Et04 

0.6 Et04 

n.6 E+04 

O.6 E+04 

1.2 E+06 

2.4 E+06 

3.7 E+06 

1 .O E+03 

1.5 E+04 

5.1 Et04 

1.3 Et05 

2.1 Et05 

3.0 E+05 

3.1) Ec05 

9.4 Et05 

2.7 Et06 

5.8 Et06 

Sa,mple #: 001 

0.76 

0.25 

0.42 

0.34 

0.17 

1.6 

0.5 

0.76 

0.25 

0.84 

3.51Et02 

3.51 E+02 

3.51 Et02 

3.51 Et02 
3.51Et02 

3.51 Et02 

3.51 E+02 

3.51 Et02 

3.51 Et02 
3.51 Et02 

0.22% 

0 .O?o/o 

0.12°/0 

0.10% 

0.05% 

0.46% 

0.14% 

0.22% 

0.07% 

0.24% 

Nuclide: Th-232 

Welght: 11 3.3 Confidence Range: 
Leachability: 11.00 Correlation Coefficient: 

3.01 E-07 

3.96 E-08 

1.96 E-OB 

1.13 E-OB 

5.63 E-09 

5.30 E-08 

1.66 E-OB 

1.80 E-09 

2.97 E-10 

6.47 E-10 

9146 
0.60 

1.01 E-10 

1.44 E-1 1 

1.23 E-11 
9.94 E-12 

4.22 E-12 

5.26 E-10 

6.82 E-1 1 

1.90 E-12 

1.49 E-13 

1.50 E-12 

to 

9.005 

10.841 

10.912 

1 1  .no2 

11.374 

9.279 

10.179 

11.721 

12.827 

1 1.023 

12.53 



ANSIIANS-16.1 Leachablllty Test far Shleldallay Metalur$)ical Cotp. Slan 

leech Le8chlng Mean Tlms al ActIvHy Inltlal Fractlon Released Release Rate Dlllirslvlty Leachab\llty 
lnlerval Time (sec) Leachlnt) leached (pCI) Acllvlty Durlng Interval (fracllonlsec) (cm aqlsoc) indox 

(n) 0) Interval (An) ( P W  (1-n) cr) (A01 

1 

2 

3 

4 

5 

6 

7 

9 

7.2 E+03 

1 .a E i  04 

6.1 Et04 

0.6 Et04 

8.6 Et04 

8.6 E+04 

0.6 Et04 

1.2 Et06 

1.8 E+03 

1.5 Et04 

5.1 E+04 

1.3 Et05 

2.1 Et05 

3.0 Et05 

3.9 Et05 

0.4 Et05 

17.6 

40.3 

109 

134 

160 

168 

92.4 

227 

2.01 E+04 
2.01 E+04 

2.01 Et04 

2.01 E + O ~  

2.01 E+04 

2.01 Et04 

2.01 Et04 

2.01 Et04 

0.09% 

0.20% 

0.54% 

0.67% 

0.80% 

0.84% 

0.46% 

1.73% 

1.22 E-07 

1.11 E-07 

8.09 E-OO 

7.75 E-08 

9.26 E-08 

9.72 E-09 

5.35 E-08 

0.41 E-09 

1.66 E - I  1 

1.14 E-10 

2.52 E-10 

4.71 E-10 

1.14 E-09 

1.77 E-OS 

6.90 E-10 

5.17 E-1 1 

10.7f11 

9.942 

9.599 

0.327 

a.943 

8.752 

0.161 

10.206 

9 2.4 Et06 2.7 Et06 104 2.01 Et04 0.52% 2.16 E-09 7.86 E-12 11.104 

10 3.7 Et06 5.0 Et06 200 2.01 E+04 1 .OO% 2.69 E-09 2.60 E-11 1 0 . w  

Sample #: 002 Nuclide: Ra-226 

Weloht: 11 1.6 Confidence Range: 0.61 
0.4 8 Leachability: 9.85 Cor re I at i o r) Co ef f i c I e n t : 

11 .no 



ANSIIANS-16.1 Leachability Test for Shieldalloy MetalurQical COrp. SlaQ 

Leach Leachlno Mean Time of Actlvlly lnltlal Fractlon Released Release nale Dllkislvlty Lenchablllly 
Interval Time (sec) Leachlna Leached (pC1) Actlvity Durlng Intetval (fracllenlsec) (cm sqlscc) l l l d O K  

(n) (41 lnlerval (An) (PCU (Ln) 
(1) (Ao) 

1 
2 

3 

4 

5 

6 

7 

0 

9 

10 

7.2 Et03 

1.8 Ei04 

6.1 Et04 

8.6 Et04 

0.6 E+04 

0.6 Et04 

8.6 E+04 

1.2 E+06 

2.4 E+06 

3.7 E+06 

1.0 E+03 

1.5 Ei04 

5.1 Et04 

1.3 Et05 

2.1 Et05 

3.0 Et05 

3.8 Et05 

9.4 Ei05 

2.7 Et06 

5.8 E+06 

0.08 

0.28 

0.5 

0.25 

0.04 

0.42 

0.17 

0.17 

0.5 

0.67 

1.56E43 

1.56E+03 

1.56E-1-03 

1.56Et03 

1.56E+03 

1.56Et03 

1.56E+03 

1.56Et03 

1.56Et03 

I .56Et03 

0.01% 

0.02% 

0.03% 

0.02% 

O.O5O/o 

o.a30/~ 

0.01% 

0.01 v u  

0.03% 

0.04% 

7.12 E-09 

9.97 €49 

5.25 E-09 

1.86 E-09 

6.26 E-09 

3.13 E-09 

1.27 E-09 

9.08 E-1 1 

1.34 E-10 

1.16 E-10 

5 . m  E-14 

9.15 E-13 

8.79 E-13 

2.72 E-13 

5.22 E-12 

1 .O3 E-1 2 

3.80 E-13 

4.82 ~ - 1 5  

3.02 E-14 

4.04 E-14 

1 3.2 Mi 

12.030 

12.056 

12.565 

11.2132 

11.736 

12.412 

14.317 

13.520 

13.316 

Sample #: 002 Nuclide: U-234 

Weight: 11 1.6 Contideme Range: 11 -24 
Leachability: 12.65 Correlatlon Coef ficlent: 0.55 

to 14.06 

I 



ANSI1ANS-16.1 Leachablllty Test for Shleldalloy Metalurglcal Corp. SlaQ 

Leach Leechlna Mean Tlme of AcMvHy Inltlal Fractlon Released Release Rate nlttrislvlly Leachablllly 
Interval Tlme (sec) Leachlno Leached (pCl) Acllvlly DurlnO Interval (Iracllonlsec) (cm sqlsec) Index 

(n) (1) intetval (An) (PCi) (1-N 
(r) (A01 

1 

2 

3 

4 

5 

fi 

7 

0 

E) 
1 
10 
i 

7.2 E+03 

1 .e ~ t o 4  

6.1 Et04 

0.6 Et04 

8.6 E+04 

0.6 ErO4 

8.6 Et04 

1.2 E+06 

2.4 Et06 

3.7 E+06 

1.8 Et03 

1.5 Et04 

5.1 Et04 

1.3 Et05 

2.1 E+05 

3.0 E+05 

3.9 E+05 

9.4 E+O5 

2.7 Et06 

5.8 E+06 

0.05 

0.03 

0.25 

0.17 

0.42 

0.25 

0,06 

0.17 

0.25 

0.67 

2.01 E+02 

2.01 E+02 

2.01 Et02 

2.01 E+02 

2.01 Et02 

2.01 E+02 

2.01 E+02 

2.01 E+02 

2.01 E+02 

2.01 E+02 

0.02% 

0.01% 

0.1PA 

O.O8% 

0.2i0A 

0.12% 

0.03% 

O.Q8% 

0.12% 

0.33% 

3.45 E-08 

8.29 E-09 

2.03 E-of3 

9.83 E49 
2.43 E-011 

1.45 E-08 

3.47 E-09 

7.05 €-IO 

5.18 E-10 

0.01 E-10 

1.34 E-12 

6.33 E-13 

1.32 E-1 1 

7.58 E-I2 

7.06 E - l i  

3.02 E-1 1 

2.91 E-12 

2.90 E-13 

4.54 E-13 

2.91 E-12 

11 A74 

12.109 

i n . m  
11 .I20 

10.105 

10.407 

11 536 

12.537 

12.343 

11 336 

Sample #: 002 
I 

Welght: 
Leachablllty: 

111.6 
11.45 

Nuclide: U-235 

Confidence Range: 
Correlation Coefficient: 

10.21 
0.40 

to 12.69 



ANSVAWS-16.1 Leachablllty Test for Shleldalloy Metaluralcel Corp. SlaQ 

Leach LeachlnO Mean Time of Actlvlty lnlllal Fracllon Released Release Rate Dlffuslvlly Leachahlllty 
lnlerval T h e  (sec) Leaching Leached (pCI) Acllvily Durlna lnlenral (fracllonlsec) (cm sqlsec) Index 

(n) (4) interval (An) ( P W  (W 
(r) ( A N  

1 

2 

3 

4 

5 

6 

7’ 

0 

9 

10 

7.2 E+03 

1.8 E+04 

6.1 Et04 

8.6 E.1-04 

8.6 Et04 

8.6 E+04 

8.6 Et04 

1.2 €+06 

2.4 E+06 

3.7 E+06 

1.0 Et03 

1.5 E+04 

5.1 Et04 

1.3 EJ-05 

2.1 E+05 

3.0 E+05 

3.9 Et05 

9.4 Et05 

2.7 Et06 

5.8 Et06 

Sample #: 002 
I 

Weight: 11 1.6 
Leachabllity: 12.32 

0.35 

0.29 

0.34 

0.34 

0.76 

0.42 

0.26 

0.17 

0.34 

1.68 

1.34Et03 

1.34E+03 

1.34E-1.03 

1.34Et03 

1.34Et03 

1.34E+03 

1.34Et03 

I .34Et03 

1.34EtO3 

1.34Et03 

0.03% 

0.02% 

0.03% 

0.03% 

0.06% 

0.03% 

0.02% 

0.01 % 

0.03% 

0.13% 

Nuclide: U-238 

Confidence Range: 
Correlation Coef f iclent : 

3.63 E-08 

1.20 E-09 

4.16 E-09 

2.95 E-09 

6.59 E-09 

3.64 E-09 

2.26 E-09 

1.06 E-10 

1.06 E-IO 

3.39 E-10 

10.92 
0.54 

1.47 E-12 

1.33 E-12 

5.51 E-13 

6.82 E-13 

5.79 E-12 

2.49 E-12 

1.23 E-I2 

6.53 E-15 

1.n9 E-14 

4.12 E-13 

to 

11.032 

11.876 

12.259 

12.166 

11.237 

11.604 

11.911 

14.185 

13.723 

12.385 

13.72 



ANSIIANS-16.1 Leachablllly Test for Shleldalloy Metalurglcal Corp. SlaQ 

Leach leachlng Mean Tlme at Acllvlty lnlllal Fractlon Released Release Rate Dlffuslvlly Leactiablllly 
Interval Tlme (sec) Leaching Leached @GI) Acllvily Dirrlna Interval (Iracllonlsec) (cm sqlsec) Index 

(n) (1) I nt e wal (An) (PW (W m (Ao) 

1 

.2 

3 

4 

5 

6 

7 

8 

' 9  

10 

7.2 Et03 

1.8 E+04 

6.1 Et04 

8.6 Et04 

0.6 Et04 

8.6 E+04 

8.6 E+04 

1.2 Et06 

2.4 Et06 

3.7 Et06 

1.8 Et03 

1.5 Ei04 

5.1 Et04 

1.3 Et05 

2.1 E+05 

3.0 E i 0 5  

3.9 E+05 

0.4 Et05 

2.7 Et06 

5.0 Et06 

Sample #: 002 

Weight: 
Leach a bil ity : 

0.83 

4.2 

3.53 

2.1 

2.52 

1.43 

3.28 

7.56 

10.1 

6.72 

7.4BEt02 

7.48E+02 

7.48Et02 

7.48Et02 

7,48E+02 

7.48Et02 

7.48Et02 

7.48E t02 
7.48Et02 

7.48E-tO2 

0.1 1% 

0.56"/0 

0.47% 

0.28% 

0.34% 

0.1 9% 

0.44% 

1.01% 

1.35% 

o.9ayo 

Nuclide: Th-228 

111.6 Confidence Range: 
0.07 Correlation Coefficient: 

1.54 E-07 

3.12 €47 

7.74 m a  
3,26 E-08 

3.92 E-00 

2.22 E-OB 

5.10 E-00 

8.42 E-09 

5.63 E-09 

2.43 E-09 

2.m E-1 1 

8.96 E-10 

1.91 E-10 

8.35 E-1 1 

2.04 E-IO 

9.25 E-1 I 

6.27 E-10 

4.14 E-11 

5.36 E-1 1 

2.12 E-1 1 

10.575 

0.040 

0.720 

10.078 

0.600 

10.034 

9.202 

10.303 

10.271 

10.674 

9.1 4 
0.32 

to 1a.na 



ANSIIANS-16.1 Leachablllty Test for Shleldalloy MetalrirQlcal Corp. Slag 

I 

Leach leachlnfl Mean Tlme of Acllvlly lnlllal Fracilon Released Relsase Rale Dllftislvlty Leachablllly 
interval Tlme (sac) LeachlnD Leached (pel) Acllvlly DurlnO Interval (Iracllonlsec) (cm sqlsec) lnclew 

(n) (1) I nt e wa I (An) (PC4 (Ln) 
0) (A@ 

1 

2 

1 3  
4 

5 
6 

I 
8 

a 
10 

7.2 Et03 

1.8 E+04 

6.1 Et04 

8.6 E+Q4 

8.6 E+O4 

0.6 Ei-04 

0.6 Et04 

1.2 Et06 

2.4 Et06 

3.7 E+06 

1.8 E+03 

1.5 E+04 

5.1 Et04 

1.3 Et05 

2.1 Et05 

3.0 E-105 

3.9 E+05 

9.4 Et05 

2.7 Et06 

5.8 E+06 

Sample #: 002 

1 .a9 

0.84 

0.5 

0.42 

0.45 

0.17 

0.07 

1.68 

0.17 

0.84 

2.12€+02 

2.1 2E+02 

2.12Et02 

2.12Et02 

2.12Et02 

2.12E+02 

2.12E-tO2 

2.12Et02 

2.1 2Et02 

2.1 2Et02 

0.51 %e 

0.40% 

0.24% 

0.20% 

0.21% 

0.00% 

0.03% 

0.79% 

o.oa% 
0.40% 

Nuclide: Th-230 

7.14 E-07 

2.20 E-07 

3.87 E-08 

2.30 €48 

2.47 E-on 

9.32 E-09 

3.84 E-09 

6,60 E-09 

3.34 E-10 

1.07 E-09 

I 

Weight: 11 1.6 Confidence Range: 9.07 
Leachability: 10.63 Correlation Coefficient: 0.61 

5.71 E-10 

4.46 E-10 

4.76 E-1 1 

4.16 E-1 1 

0.11 E-11 

1.63 E-1 1 

3.56 E-12 

2.55 E-1 1 

1.89 E-1 3 

4.12 E-12 

to 

9.24 3 

9.351 

10.322 

10.3tIl 

10.091 

10.788 

11.449 

10 594 

12.724 

11.380 

12.21) 



ANSIIANS-16.1 Leachablllty Test for Shleldalloy Metaliiralcal Corp. SisQ 

I 

Leach Leachino Mean Tlms of Acllvlly lnillal Fractlon Released Release Rate nllfiialvlly Leachablllty 
Interval Time (sec) Leaching Leached (pa) Activlly Dtirlno Interval (fracllonlsec) (cm sqlsec) Index 

(PW (W (n) (1) Interval (An) 
cr) (Ao) 

i 

2 

3 

4 

5 

6 

7 

n 
9 

10 

7.2 E+03 

1.8 E+04 

6.1 E+04 

8.6 E+04 

8.6 Et04 

8.6 E+04 

0.6 Et04 

1.2 Et06 

2.4 €+06 

3.7 Et06 

1.8 E+03 

1.5 E+04 

5.1 E+04 

1.3 Et05 

2.1 E+05 
3.0 E+05 

3.9 Et05 

9.4 E+05 

2.7 E+06 

5.0 Et06 

Sample #: 002 

0.08 

0.5 

0.25 

0.34 

0.34 

0.25 

0.17 

0.76 

1.68 

0.84 

3.46E+02 

3.46Et02 

3.46Et02 

3.46Et02 

3.46Et02 

3.46E+02 

3.46E-tO2 

3.46Et02 

3.46Et02 

3.46Et02 

0.02% 

0.14% 

0.07% 

0.10% 

0.10% 

0.07% 

0.05% 

0.22% 

0.49% 

0.24% 

Nuclide: Th-232 

3.21 E-08 

8.03 E-08 

1.18 E08  

1.14 E-08 

1.14 E-on 
8.40 E-09 

5.71 E-08 

1.83 E-09 

2.02 E-09 

6.56 E-10 

1 Weight: 111.6 Confidence Range: 10.40 
Leachability: 11 .I 9 Correlation Coefficient: 0.31 

_ _  

1.15 E-12 

5.93 E-11 

4.47 E-12 

1.02 E-11 

1.74 E-11 

1.32 E-11 

7.08 E-12 

1.96 E-12 

6.03 E-12 

1.55 E-12 

to 

~ 

1 1.930 

10.227 

11 350 

1 Q.990 

1 n .7~0 

1 o m  
11.104 

11.700 

11.160 

11.011 

11 .oo 


