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T. D. Schmidt, Solar Pond Projects, Bldg. 080, X871 
S. P. Needler, Group I Closures, Bldg. 080, X6961 

NONRADIOLOGICAL STATUS OF PONDSLUDGE FROM PONDS 207A 
AND 207B - TDS-014-94, SPN-007-94 

1540.2 

None required 
. 

The pondsludge from pond 207A and the three 207B ponds is below the threshold that the 
Department of Transportation (DOT) uses to determine whether shipped material is 
considered radiological or not. In other words, all pondsludge taken from these ponds is 
considered to be non-radiological material. Since the sludge is more contaminated than the 
pond liquid, the liquid is also below the radioactivity threshold. Any material removed from 
these ponds is therefore exempt from any DOT regulations specific to radioactive material. 

The calculations are attached to this memo. 
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LOWER LIMIT - 2 nanocuries [(§173.403(y)] 

1)200 MILLIREM PER HOUR AT ANY POINT ON THE 
EXTERNALSURFACEOFTHE PACKAGE 

r5173.441 (a)] 

2)NRC RAD LIMITS OF LABORATORY LICENSE 

Baseline Information 

UPPER LIMIT - 

[I millicurie (0.001 Ci) Americium 2411, [ 2 grams Plutonium]. 

Per §173.403(n)(3), Liquids [with a liquid volume exceeding 50 cubic centimeters (1.7 
fluid ounces)] shall have sufficient absorbent material as prescribed in paragraph 
(n)(2) which requires sufficient absorbent material to absorb twice the volume of the 
liquid contents. Absorbent material shall be compatible with the package contents and 
suitably positioned to contact the liquid in the event of leakage. 

Per 91 73.403(y), Radioactive material means any material having a specific activity 
greater than 0.002 microcuries per gram. 

Per §173.403(n)(4)(i), Low Specific Activi (LSA) is defined as 0.0001 
millicurie per gram of radionuclides for whic x the A2 quantity is not more than 
.05 curie. 

Per $173.441, Radiation level limits are not to exceed 200 millirems per hour 
at any point on the external surface of the package, and the transport index 
does not exceed 10 [see $1 73.403(bb)]. 

$1 73.425(a) requires a DOT Specification 7A Type A package. 

The Halliburton NUS Pittsburgh Laboratory NRC Radiological limits are less than 2 
grams of Plutonium, and less than 1 millicurie of Americium. 
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207A POND SLUDGEMIATER 

t 

i 

i 

! 
i 

a) Radioactive levels are determined from the radiochemistry information provided in 
the Teledyne analysis contained within the 1991 Roy F. Weston Characterization 
of Pond Sludge Report, Sample number 39538 (dry sludge), attached. In addition, 
specific gravity and sludge moisture levels are from the Weston Report. 

Composite analytical data (mean + 2 standard deviations) was utilized for 
conservatism. 

1. Calculation for Department of Transportation (DOT) regulations. 

For 207A dry sludge, the gross alpha is 5.6E3 pCi/gram, and the gross beta is 1.5E3 pCi/gram. If 
we ignore gamma radiation (this is a reasonable assumption because the primary radionuclides 
are not gamma emitters), the total 207A dry sludge radioactivity is then 7.1 E3 pCVgram. Since the 
207A wet sludge is 87.3% liquid by weight, the wet sludge radioactivity = (7.1 E3 
pCi/gram)(.l27) + (0.0 pCi/gram)(.873) = 9.OE2 pCi/gram = 0.9 nCi/gram. Since this is below the 
DOT threshold of 2.0 nCi/gram as per b) above, the 207A sludae is not radioactive per DOT 
regulations. 

2. Calculation for Laboratory Limits. 

The Halliburton NUS Pittsburgh Laboratory NRC Radiological limits are less than 2 grams of 
Plutonium, and less than 1 millicurie of Americium. 

Pu in SLUDGE 

&X! = 97pCi X 1 uCi = 0.000097pCi/s = O,000097uC j X 1 Ci = 9 . 7 ~ 1 0 ~ ~  CVg 
Sludge gram 1,000,000 pCi gram 1 ,OOO,OOO (or 0.097 nCiig) 

The moisture content in the 207A Pond sludge is 87.3% by weight, therefore: 

1 kgsludge 127 arams of solids x 0.097 nCi/a =12.3 nCi " 
8735rams of liquid x 0.0 nCi/g = 0.0 nCi 

12.3 nCi/kg 

or (0.000012 mCi/kg sludge) 

Using the specific activity figure of 7.6E-2 Ci/g (supplied by Jerry Anderson), there are 
(0.000012 mCi) (1 grarnn.6E-2 Ci) = 0.0002 mg Pu per kg of sludge = 2E-7 gram Pu/ kg sludge. 

Each 55 gallon drum then contains (55 gallons) (3.785 I/gal) (1.1 SG) (1 kg sludge/l liter) (2E-7 
gram Pu/kg sludge) = 0.000046 arams Pu. 

&@l = 1.6 aCi X 1 uCi = 0.0000016 pCig = LOOO 0016uCi X 1 Ci = 1.6x10-12Cilg 
Sludge gram l,OOO,OOO pCi gram 1,000.000 (or 0.001 6 nCiig) 



The moisture content in the 207A Pond sludge is 87.3% by weight, therefore: 

1 kgsludge= 127 grams of solids x 0.0016 nCi/g 
873 grams of liquid x 0.0 nCi/g 

= 0.20 nCi 
= 0.0 nCi 

0.20 nCi/kg 

or (0.0000002 mCi/kg sludge) 

Each 55 gallon drum then contains (55 gallons) (3.785 Vgal) (1 -1 SG) (1 kg sludge/l liter) (2.OE-7 
mCi Am/kg sludge) = 0.000046 mCi Am. 

I 
i 

CONCLUSION: 

1. The 207A sludge is nonradioactive material per DOT regulation. 

2. Each 55 gallon drum contains 0.000046 grams Pu and 0.000046 mCi Am, which are much lower 
than laboratory limits. 
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207B NORTH POND SLUDGEWATER 
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a) Radioactive levels are determined from the radiochemistry information provided in 
the Teledyne analysis contained within the 1991 Roy F. Weston Characterization 
of Pond Sludge Report, Sample number 38960 (dry sludge), attached. In addition, 
specific gravity and sludge moisture levels are from the Weston Report. 

Composite analytical data (mean + 2 standard deviations) was utilized for 
conservatism. 

1. Calculation for Department of Transportation (DOT) regulations. 

For 207B North dry sludge, the gross alpha is 4.2E1 pCVgram, and the gross beta is 4.9E1 
pCi/gram. If we ignore gamma radiation (this is a reasonable assumption because the primary 
radionuclides are not gamma emitters), the total 207B North dry sludge radioactivity is then 9.1 E l  
pCi/gram. Since the 207B North wet sludge is 73.4% liquid by weight, the wet sludge 
radioactivity = (0.0 pCi/gram)(.734) + 9.1 E l  pCi/gram)(.266) = 2.4E1 pCi/gram = 0.024 
nCi/gram. Since this is below the DO .$ threshold of 2.0 nCi/gram, the 207B North sludae is not 
radioactive per DOT regulations. 

2. Calculation for Laboratory Limits. 

The laboratory limits are less than 2 grams of Plutonium, and less than 1 millicurie of Americium. 

Pu in SLUD GE 

Pu239 = 3.38Ci X = 0.0000033pCi/s = Q.0000033~c i x 1 Ci F 3.3x10-12CVg 
Sludge gram 1,000,OOO pCi gram I ,oOO,00o (or 0.0033 nCig) 

The Halliburton NUS Pittsburgh Laboratory NRC Radiological Limit for anv Plutonium is 2 rams 
and the Plutonium level in the 2078 North Pond dry sludge is 0.0033 nCVg or 3.3~1012 Ci B g Pu. 

The moisture content in the 2078 North Pond sludge is 73,4% by weight, therefore: 

1 kgsludge= 266 grams of solids x 0.0033 nWg 
734 grams of liquid x 0.0 nCi/g 

= 0.88 nCi 
= 0.00 nCi 

0.88 nWkg sludge 

or (0.00000088 mCi/kg sludge) 

Using the specific activity figure of 7.6E-2 Ci/g (supplied by Jerry Anderson), there are 
(0.00000088 mCi) (1 graM.6E-2 Ci) = 1.2E-5 mg Pu per kg of sludge = 1.2E-8 gram Pu/ kg 
sludge. 

Each 55 gallon drum then contains (55 gallons) (3.785 I/gal) (1.2 SG) (1 kg sludge/l liter) (1.2E-8 
I . -gram Pu/kg sludge) = 3+0E-6 mams Pu. 

Am-241 in SLUDGE ! 

Am341 = X 1 uCi c 0.0000016 pCig = 0.0000016 uCi X = 1.6~10-12 Ci/s 
Sludge gram 1,000,OOO pCi gram 1,000,000 (or 0.0016 nCig) 



1 

i 
The moisture content in the 2076 North Pond sludge is 73.4% by weight, therefore: 

1 kg sludge = 266 grams of solids x 0.001 6 nCi/g = 0.43 nCi 
734 grams of liquid (0.0) nCVg = 0.0 nCi 

0.43 nCi/kg 

or (0.00000043 rnCi/kg sludge) 

Each 55 gallon drum then contains (55 gallons) (3.785 l/gal) (1.2 SG) (1 kg sludgdl liter) (4.3E-7 
mCi Am/kg sludge) = 0.00010 mCi Am. 

CONCLUSION: 

1. The 2076 North sludge is nonradioactive material per DOT regulation. 

2. Each 55 gallon drum contains 3.OE-6 grams Pu and 0.0001 0 mCi Am, which are much lower 
than laboratory limits. 

. ... 
i 

7 



1 
i 
i 

1 
I 

f 

1 
? 
I 

i 

2078 CENTER POND SLUDGENVATER 

a) Radioactive levels are determined from the radiochemistry information provided in 
the Teledyne analysis contained within the 1991 Roy F. Weston Characterization 
of Pond Sludge Report, Sample number 39543 (dry sludge), attached. In addition, 
specific gravity and sludge moisture levels are from the Weston Report. 

Composite analytical data (mean + 2 standard deviations) was utilized for 
conservatism. 

1. Calculation for Department of Transportation (DOT) regulations. 

For 2078 Center dry sludge, the gross alpha is 1 SE2 pCi/gram, and the gross beta is 4.3E2 
pCi/gram. If we ignore gamma radiation (this is a reasonable assumption because the primary 
radionuclides are not gamma emitters), the total 2076 Center dry sludge radioactivity is then 
5.8E2 pCi/gram. Since the 207B Center wet sludge is 92.1 % liquid by weight, the wet sludge . 
radioactivity = (7.1 E3 pCi/gram)(.073) + (0.0 pCi/gram)(.921) = 5.2E2 pCi/gram = 0.52 nCi/gram. 
Since this is below the DOT threshold of 2.0 nCi/gram, the 207B Center sludae is not radioactive 
per DOT regulations. 

2. Calculation for Laboratory Limits. 

The Halliburton NUS Pittsburgh Laboratory NRC Radiological limits are less than 2 grams of 
Plutonium, and less than 1 millicurie of Americium. 

pu in SLUDGE 

Pu239 = 6.z13cI X 1 uCi = 0.0000067pCig = O.OOOOO6 7 uCi X 1 Ci = 6.7~10-12 CVg 
Sludge gram 1,000,000 pCi gram 1,000,000 (or 0.0067 nCig) 

The moisture content in the 207B Center Pond sludge is 92.1 % by weight, therefore: 

78 arams of solids x 0.0067 nCi/a = 0.52 nCi - 
92l-grams of liquid x 0.0 nCi/g = 0.00 nCi 

0.52 nCi/kg 

or (0.00000052 mCi/kg sludge) 

Using the specific activity figure of 7.6E-2 Ci/g (supplied by Jerry Anderson), there are 
(0.00000052 mCi) (1 gramR.6E-2 Ci) = 6.8E-6 mg Pu per kg of sludge = 6.8E-9 gram Pu/ kg 
sludge. 

Each 55 gallon drum then contains (55 gallons) (3.785 Vgal) (1 .O SG) (1 kg sludgdl liter) (6.8E-9 
gram Pu/kg sludge) = 0.000001 4 ararns Pu. 

Am-241 in SLUDGE 

Am241 = 1 .I5 oCi X 1 uCi = O.OOOOO115 pCVg = P,OoooOl15 I&J ' X 1 Ci = 1.15~10-1* Ci/g 
Sludge gram 1 ,OOO,OOO pCi gram 1,000,000 (or 0.001 15 nCig) 



I 
The moisture content in the 207B Center Pond sludge is 92.1% by weight, therefore: 

1 kg sludge = 79 grams of solids x 0.001 15 nCi/g = 0.09 nCi 
921 grams of liquid (0.0) nCi/g = 0.00 nCi 

0.09 nCi/kg 

or (0.00000009 mCi/kg sludge) 

Each 55 gallon drum then contains (55 gallons) (3.785 Vgal) (1 -0 SG) (1 kg sludge/l liter) (9E-8 
mCi A d k g  sludge) = Q,000019 mCi Am. 

CONCLUSION: 

1. The 207B Center sludge is nonradioactive material per DOT regulation. 

2. Each 55 gallon drum contains 0,0000014 grams Pu and 0.00001 9 mCi Am, which are much 
lower than laboratory limits. 

i 



20713 SOUTH POND SLUDGEWATER 

I 
a) Radioactive levels are determined from the radiochemistry information provided in 

the Teledyne analysis contained within the 1991 Roy F. Weston Characterization 
of Pond Sludge Report, Sample number 40034 (dry sludge), attached. In addition, 
specific gravity and sludge moisture levels are from the Weston Report. 

Composite analytical data (mean + 2 standard deviations) was utilized for 
conservatism, 

1. Calculation for Department of Transportation (DOT) regulations. 

For 2076 South dry sludge, the gross alpha is 1.9E2 pCi/gram, and the gross beta is 5.8E2 
pCi/gram. If we ignore gamma radiation (this is a reasonable assumption because the primary 
radionuclides are not gamma emitters), the total 207B South dry sludge radioactivity is then 7.7E2 
pCi/gram. Since the 2076 South wet slud e is 88.1% liquid by weight, the wet sludge 

nCi/gram. Since this is below the DOT threshold of 2.0 nCi/gram, the 2076 South sludae is not 
radioact ive per DOT regulations. 

2. Calculation for Laboratory Limits. 

radioactivity = (0.0 pCi/gram)(.881) + (7.7 E 2 pCi/gram)(.ll9) = 9.2E1 pCi/gram = 0.0092 

The Halliburton NUS Pittsburgh Laboratory NRC Radiological limits are less than 2 grams of 
Plutonium, and less than 1 millicurie of Americium. 

Pu in SLUDGE 

f. 
i = 2.4 pCi X a = 0.0000024 pCVg = 0.00000?4 uCi X 1 Ci = 2.4~1 O-I2 Cdg 

1 ,OOO,OOO (or 0.0024 nCi/g) Sludge gram 1 ,OOO,OOO pCi gram 

i 
5 The moisture content in the 2078 South Pond sludge is 88.1 % by weight, therefore: 

1 kg sludge = 

1 or (0.00000029 mCi/kg sludge) 

1 19 grams of solids x 0.0024 nCi/g 
881 grams of liquid x 0.0 nCi/g 

= 0.29 nCi 
= 0.00 nCi 

0.29 nCi/kg sludge 

I 

3 sludge. 

Using the specific activity figure of 7.6E-2 Ci/g (supplied by Jerry Anderson), there are 
(0.00000029 mCi) (1 gramP.6E-2 Ci) = 3.8E-6 mg Pu per kg of sludge = 3.8E-9 gram Pu/ kg 

Each 55 gallon drum then contains (55 gallons) (3.785 I/gal) (1.1 SG) (1 kg sludge/l liter) (3.8E-9 
gram Pu/kg sludge) = 8.7E-7 arams Pu. 

1 

Am-241 in SLUDGE 

Am241 = 3.313'3 X 1 uCi = 0.0000033pCdg = 
Sludge gram 1,000,000 pCi gram 1,000,OOO (or 0.0033 nCiig) 

1 
' X 1 Ci = 3.3~10-'2 Cilg 5 
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The moisture content in the 207B South Pond sludge is 88.1% by weight, therefore: 

1 kg sludge = 1 19 grams of solids x 0.0033 nCi/g = 0.39 nCi 
881 grams of liquid (0.0) nCi/g = 0.0 nCi 

0.39 nCi/kg 

or (0.00000039 mCi/kg sludge) 

Each 55 gallon drum then contains (55 gallons) (3.785 I/gal) (1.1 SG) (1 kg sludgdl liter) (3.9E-7 
mCi Arn/kg sludge) = 0.000089 mCi Am 

CONCLUSION: 

1. The 2076 South sludge is nonradioactive material per DOT regulation. 

2. Each 55 gallon drum contains 8.7E-7 grams Pu and 0.000089 mCi Am, which are much lower 
than laboratory limits. 

The total amount of plutonium and americium in the shipment to Halliburton NUS from Building 788 
is now calculated and compared to the laboratory’s limits. This consists of six 55 gallon drums (2 
from 207A, 2 from 207B North, and 2 from 207B Center), and three 30 gallon drums (all from B 
South). The total plutonium is 

Pu(tot) = 2 (0.000046 grams) + 2 (3E-6 grams) + 2 (0.0000014 grams) + 3 (8.7E-7 grams X 

The total americium is 

30/55) = 5.1 F-5 ws Pu. 

Am (tot) = 2 (0.000046 mCi) -c 2 (0.0001 mCi) + 2 (0.000019 mCi) + 3 (0.000089 mCi X 30/55) = 
3.8E-4 mCi Am. 

The plutonium and americium totals are much smaller than the limits of 2 grams plutonium and 1 
millicurie of americium. 

PREPARED BY: \ 

S. P. NEEDLER 

REVIEWED BY: 

T. d. BECKMAN 

i RAD IOLOG ICAL ENGINEERING 
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