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A. Event 

Estimated Concentrations of Released 
Chemicals Entering the Hanford Site 

Ground Water 

I. Discussion of the January 18, 1985, Occurrence 

On January 18, 1985, ~965 gal of 1~ HN0 3 was released in the 

Plutonium-Uranium Extraction Plant (PUREX). The HN0 3 entered the 

216-A-29 and 216-8-3-3 ditches and mixed with other waste streams, 
which resulted in an approximate reduction of concentration by a factor 
of ten. Negligible infiltration and evaporation occurred in these 

ditches. From the ditches, the solution entered 8 Pond and mixed 
with 1.8 x 107 gal of pond water, which resulted in an additional 

reduction. (8 Pond has been in operation for several years, and in
filtration ~nd evaporation into the sediments from the pond surface 
is negligible.) From 8 Pond, the acid sequentially entered the other 
63-acre lobes of the 8 Pond complex where further mixing and reduction 
in concentration occurred. (The B Pond complex consists of B Pond 
and three lobes). From B Pond, the solution percolates the 150 ft 

to ground water through partially saturated sediments. 

For calculational purposes, the following conservative assumptions 
are made: 

• The solution percolates only through a volume of sediments equal 
to sediments directly between 8-Pond and ground water (i.e., no 
lateral migration). 

• All mixing of other waste streams and with water in the 8-Pond 
lobes is ignored in the calculations. 

As the solution percolates th ro ugh ca l cite containing sediments to 

ground water, i t reac t ed wit h the so lid ba se, CaC 03 , aicordin g t o 

the reaction: 
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All the solution is neutralized and there is no significant impact 

on the ground water. There is conservatively enough CaC03 in the 
sediment beneath B Pond to neutralize 1.6 x 104 releases of the size 
and composition of this release (table 1). 

In summary the soils ability to buffer an acid solution added to it is 

many order of magnitude greater than the acidity of the released acid. 
Due to the production of CO2 the neutralization reaction goes to com
pletion and the solution contacting the ground water will be buffered 

to a pH of approximately 8.2 . 

B. Evaluation 

There is no known impact to the ground water from the January 18, 

1985, HN03 release. An example calculation supporting the data provided 
in Section A is given in Section C based on the data and assumptions 

provided and referenced at the end of this document. 

C. Calculations 

Volume of sediment (V) below the first lobe of B Pond: 

V = SD 

where 

S = surface area of the first lobe of B Pond 
D = depth ground water 
V = 39 acres x 43,560 ft2 / acre x 150 ft= 2.5 x 108 ft3 = 

7.2 x 109 l = 7.2 x 1012 cm3. 

Weight of sediment (W) be low 8 Pond: 

W = Vp 
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where 

p = bulk density of the Hanford Site soil 
W = 7. 2 x 1012 cm3 x 1.6 g/cm3 = 1.2 x 1013 g of sediment. 

CaC03 content of sediment (B) (minimum): 

B = WP 

where 

P = minimum CaC03 percentage 
B = (0.003)(1.2 x 10139) = 3.6 x 10109 of CaC03. 

Equivalents of CaC03 available to neutralize acid below B Pond (E): 

E = 28 
M 

where 

_!i = molecular weight of CaC03 (100) 
E = 2(3.6 x 1010) = 7.2 x 108 gram-equivalents of base available 

102 

for neutralization. 

Equivalents of acid released El: 

El = clvl 

where 

cl = con cen tration of acid re l eased 
vl = vol ume of ac id relea sed 
El = (12M)(965 gal)(3.785 1/gal) = 4.4 x 104 gram-equi val ents 

of acid. 

• I 
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II. Discussion of February 8, 1985, Occurrence 

A. Event 

On February 8, 1985, "'-192 gal of 1.45_!:! N02 was released in 

the PUREX Plant. The solution entered the 216-A-29 and 216 
8-3-3 ditches and mixed with other waste streams, which resulted 
in an approximate reduction in concentration by a factor of 

10. Negligible infiltration and evaporation occurs in these 
ditches. From the ditches, the solution entered B Pond where 
it mixed with 1.8 x 107 gal of pond water, which resulted in 

a reduction of concentration by a factor of 1.2 x 103 to 

1.2 x 10-3M. (B Pond has been operational for several years 

and infiltration into the sediments and evaporation from the 

surface is negligible.) From B Pond the solution sequentially 
entered the other lobes of the B Pond complex where further 
mixing and reduction in concentration occurred. From B Pond, 
the solution percolated the 150 ft to the ground water through 

partially saturated sediments. 

For calculational purposes, the following conservative assumption 

is made: 

• · The only mixing occurred in B Pond. 

As the solution percolated to ground water, microorganisms in 
the partially saturated soil oxidized the N02 to N03 (Bitton 
and Gerba 1984). The maximum concentration of N03 entering 
the ground water was 5.8 ppm. Additional dilut i on occurred 
in the ground water by a factor of approximately ten (table 

2). 
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8. Evaluation 

There is no known significant impact on the groundwater from 

the February 8, 1985, NaN02 release. An example calculation 
supporting the data stated in Section A is provided in Section 
C, based on the data and assumptions provided and referenced 

at the end of this document. 

C. Calculations 

Concentration after mixing in B Pond (Cl): 

where 

cl = C 
R 

C = concentration of NaN02 in the spill 
R = ratio volume of B Pond to the volume of the spill 

cl= 1.45 1 = 1.5 x 10-5 M = 0.93 PPM (NOj) 
1.8 X ,o7 

l.92x102. 
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IV Discussion of the June 25, 1985 Occurrence 

On June 25, 1985, ~3800 gal of 12~ HN03 was released 
in the PUREX Plant. The HN03 entered the 216-A-29 and 
216-8-3-3 ditches and mixed with other waste streams, which 

resulted in an approximate reduction in concentration by a factor 
of ten. Negligble infiltration and evaporation occurred in these 

ditches. Fran the ditches, this solution entered B-Pond and 

mixed with 1.8 x 107 gal of pond water, which resulted in a 

reduction in concentration. CB Pond has been operational for 

~everal years. Infiltration into the sediments and evaporation from 
the surface is negligible.) From B Pond, the solution sequentially 
entered the other 63-acre B Pond lobes where further mixing and reduction in 
concentration occurred. From B Pond, the solution percolated the 150 
ft to ground water through partially saturated sediments. 

For calculational purposes, the following conservative assump

tions are made: 

• The solution percolated only through a volume of sediments 

equal to the sediments directly between the B Pond and 

ground water. 

• All mixing wi th other waste streams an d the water i n t he 

B Pond lobes is ignored in the calculations. 



B. 

I. 
C. 
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As solution percolated to ground water it reacted with the solid 

base, CaC03, according to the reaction: 

CaC03 + 2.,+- = HzO + CO2 t + ca2 

All of the solution was neutralized and there was no impact on 

the ground water. There is conservatively enough CaC03 in the 

sediments beneath 8 Pond to neutralize 1.6 x 106 releases of the 

size and composition of this release (table 1). 

In summary the soi 1 s ab 11 ity to buffer an acid 

solution added to it is many order of maqnitude qreater than the 

acidity of the released acid. Due to the production of cc 2 the 

neutralization reaction goes to completion and the solution 

contacting the ground water wi 11 be buffered to a pH of 

approximately 8.2. 

Evaluation 

There is no known significant impact on the ground water from 

the June 25, 1985, release. An example calculation supporting 

the data provided 1n Section A fs provided in Section C, based 

on the data and assumptions provided and referenced at the end 

of th is document. 

Calculation 

The equivalent of base avail able for acid neut r al ization (Es> 

be l ow B Pond is provided i n Sect ion A of th e Ja nuary 18, 19 85, 

occ urr en ce, (7 .2 x 1010 gr am- equiv a l ents,). 

The equivalent of acid released CEA) is the molarity <M> of the 
nitric acid released times the volume of nitric acid released: 

EA= Cl2!1)(3800 gal) 3.875 1/gal = 1.8 x 105 gram
equfvalents. 
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The number of releases of the size and composition of the 

June 25, 1985 release that could be neutralized by the soil 

column is the equivalent of acid divided by the 

equivalent of base: 

Number 
Es 

,: -= 
7,2 X 108 

1.8 X 105 
= 4.0 x lo3trelease. 
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III. Discussion of April 4, 1985, Occurrence 

I. Event 

On April 4, 1985, ~1,866 gal of 0.023!:! FeHS03, 0.27_t1 HN03, and 

0.08M H3NS03 solution was released from the PUREX Plant. The 
solution entered the 216-A-29 and 216 B-3-3 ditches and mixed 
with other waste streams , which resulted in an approximate reduc
tion in concentration by a factor of ten . Negligible infiltration 

and evaporation occurred in these ditches . From the ditches, 

the solution entered B Pond and mixed with 1.8 x 107 gal of 

pond water, which resulted in a reduction in concentration of 

the FeHS03 to 2.4 x 10-6 _!:!. (B Pond has been operational for 
several years and infiltration into the sediments and evaporation 

from the surface is likewise negligible.) From B Pond, the 
solution sequentially entered the other lobes, where further 

mixing and reduction in concentration occurred. From B Pond, 
the solution percolated the 150 ft to the ground water through 
partially saturated sediments. Upon entering B Pond, the Fe+2 
spontaneously oxidized to Fe+3 according to the equation (Pourbaix 

1966): 

Fe+2 = Fe+3 + e-

The Fe+3 reacts with water to form an insoluble hydroxide-oxide 
according to the equation (Pourbaix 1966): 

The insoluble hydrous ox i de was almost totally f i ltered from 

the soil when the so lution perco lated to the ground water . 

The sulfamate ion (HSO~) is al so unstab le in water and soonta

neou s ly forms S0 4-2 according to the equat i on. 
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+ s0-2 ~ H+ 
4 

For calculational purposes the following conservative assumptions 
are made: 

• The only mixing occurred in B Pond. 
• The solution percolated only through a volume of sediments 

equal to the sediments di rectly between B Pond and ground 
water . 

• All mixing with other waste streams and water in B Pond lobes 
is ignored in the calculations. 

As the solution percolated to ground water, it reacted with 

the solid base, CaC03, according to the reaction: 

All the acid was neutralized and there was no impact upon the 

ground water from the solution. There is, conservatively, enough 

CaC03 in the sediment beneath B Pond to neutralize 1.4 x 108 
releases of the size and composition of this release (table · 
1). The maximum concentration of s04-2 entering the ground 

water was 23 ppm. An additional minimum mixing reduction by 
a factor of about ten occurred in the ground water (table 2). 

In summary the soil's ability to buffer an acid solution added 
to it is many order of magnitude greater than the acidity of 
the released acid. Due to the production of CO2 the neutralization 
reaction goes to completion and the solu ti on contacting the 
ground water will be buffered to a pH of approximately 8.2. 

The concentration of other chemical components enteri ng the 

ground wat er are al l below significa nt concentration s. 
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8. Evaluation 

There is no known significant impact of the solution on the 
ground water from the Apr{l 4, 1985, solution release. An example 
calculation supporting the data provided in Section A is given 

in Section C, based on the data and assumptions provided and 
referenced at the end of this document. 

C. Calculations 

The concentration, reduction ratio (R) due to mixing is the 

volume of B Pond divided by the volume of the release: 

R = VB 
VR 

where 

Vs = volume of B Pond 

VR = volume of release 

R = 1.8 X 107 = 9.5 x 103 
1.866 X 103 

The concentration (CR) in B Pond after mixing i s the solution 
concentration in the release divided by the mixing reduction 
ratio ( R): 

CR = 0.023 M = 2. 4 x 10-6 M = 0.23 ppm (S04- 2) 
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The equivalent of acid released (EA) is 2 times the moles of 
H3S03 plus the moles of nitric acid release times the volume 
released: 

where 

EA = [(2)(0.087)+(0.27)](1900)(3.785) 
= 3.3 x 103 eq. of acid release 

The calculation for the equivalents of CaC03 available in B 
Pond is provided in Section C of the January 18, 1985, occurrence 

(Ee) (7.2 x 108) gram-equivalents. 

The number of releases of the size and composition of this release 

is the gram-equivalents of base divided by the gram-equivalents 

of acid: 

Number __ Ee = 7.2 x 108 = 2.1 x 105 releases 
EA 3. 3 x ,o3 
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A. 

VI Discussion of the August 6, 1985, Ocurrence 

On August 6, 1985, -6,529 gal of 19!:!_ NaOH base was released 

in the PUREX Plant. The solution entered the 216-8-3-3 ditches 

and mixed with other waste streams, which resulted in an 

approximate reduction in concentration by a factor of tne. 

Negligible infiltration and evaporation occurred in these 

ditches. Fran the ditches, the solution entered B Pond and mixed 

with 1.8 x 107 gal of pond water, which resulted in a 

reduction of concentration by a factor of 2.8 x 1o3 to 1S6 ppm. 

CB Pond has been in operation for several years. Infiltration 

into the sediments and evaporation fran the surface is negligible.) 

Fran B Pond, the base sequentially entered the other 63-acre lobes where 

further mixing and reduction in concentration occurred. From B 

Pond, the solution perocl ated the 150 ft to the ground water 

through partially saturated sediments. 

For calculational purposes, the fol lowing conservative 

assumptions are made: 

• The so 1 uti on perco 1 ated on 1 y th rough a v o 1 ume of soi 1 

sediment equal to the sediments directly between B Pond and 

ground water. 

• All mixing with other waste stream_s in the ditches and B

Pond lobes is ignored in the calculations. 

As the solution percolated to ground water, the OH- ion 1n the 

waste reacted with the sedimJnts and was neutralized to a pH of 

about 8.2. The concentr ation of Na+ ion entering the ground 

water was less than 156 ppm. 
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B. 

c. 

Ev~1uation 

Th~re fs no known significant impact on the ground water from the 

AuJJst 6, 1975, base release. An example calculation supporting 

the data provided in Section A is given in Section C, based on 

the data assumptions provided and referenced at the end of this 

docwment. 

CaJ.;uJations 

The concentration reduction ratio CR) due to mixing is the 

volJme of B Pond first lobe divided by the release volume: 

R = Vs -
w,,ere 

VR 

Vs= volume of 8-Pond 
VR = volume of release 

R = 1,8 x 107 gal= 2.8 x 103 
6.529 x 103 gal 

The concentration CCR) in B Pond after mixing is the release 
concentration divided by the concentration reduction ratio 

due to mixing (CR): 

CR= ex 
R 
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where 

Cx = release concentration 
CR= l9__M = 6.8 x 10-3 M = 156 ppm (Na+) 

2.8 x 103 M 
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A. 

V Discussion of the July l, 1985 Occurrence 

On July 1, 1985, ~1,548 gal of lO!i NHl and 0.25!i NH4No3 was 
released in PUREX Plant. The solution entered the 217-A-29 
and 216 B-3-3 ditches and mixed with other waste streams, 
resulting in an approximated reduction in concentration by a . 

factor of ten. Negligible infiltration and evaporation occurred 

in these ditches. Fran the ditches, the acid entered B Pond and 

mixed with 1.8 x 107 gal of pond water, which resulted in a 

reduction of concent~ation to 31 ppm of NH4F and 0.32 ppm of 

NH4N03. CB Pond has been operation for several years and infil-
tration into the sediments and evaporation fran the surface is negligible.) 

B Pond, the Jolution sequentially entered the other 63-acre 
lobes where further mixing and reduction in concentration occurred. 
Fran B Pond, the solution percolated the 150 ft to the ground 

water through partially saturated sediments. 

For calculational purposes, the fol lowing conservative 

assumptions are made: 

• The only mixing occurred in B Pond. 

• The solution percolated only through a volume of sediments 

equal to the sediments directly between B Pond and ground 

water. 

As the solution percolated, the F- ion reacted with Caco3 in the 

sediment to form CaF and essentially non entered the ground 

water (Ames 1960). The NH4 ion was ox i di zed f i rst to N02 and 

fi na ll y to stabl e N03 by so i l mi cro-organi sms (Bi tton and Ger ba 

1984). The concentration of N03 entering the ground water was 
conservative 1 y no higher than 6.6 ppm. 
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B. 

c. 

Evaluation 

There is no known significant impact on the ground water from 

the July 1, 1985, solution release. An example calculation 

supporting the data provided in Section A is given in Section C, 

based on the data and assumption provided and -referenced at the 

end of this document. 

Calculation 

The concentration reduction ration (R) is volume of B Pond divided by 

the volume of the release: 

where 

Vs= volume of B Pond 
VR = volume of the release 

R = 1.8 x 107 gal= 1.2 x 104 

1.548 x 103 gal 

The concentration (CR) in B Pond following mixing is the release 

solution concentration (Cx) divided by the concentration reducti on 

ration (R): 
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where 

Cx = concentration of solution released 

C~ = lQ....M = 8.3· x 10-4 M = 15 ppm CF->= 12 

I NH4F 1.2 x 104 

~ = (2) (0,24) = 4.0 x 10-SM = 0.25 ppm CN03) 

N03_ 1.2 X 104 
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Table 1. Disposition of Acid 

Release 
Release (Equivalents) 

January 18, 1985 
12M HN03 4.4E + 04 

April 4, 1985 
0. 27!1 HN03 3.3E + 03 
0.087!1 H3S03 

June 25, 1985 
12M HN03 4.6E + 04 

Released from the PUREX Plant 

CaC03 
(Equivalents) Possible Neutralizations 

7. 2E + 8 l . 6E + 04 

7.2E + 8 2.lE + 05 

7.2E + 8 1.6E + 04 
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Table 2. Disposition of Nonacid Chemicals Released from t he PUREX Plant 

Concentration 

216-A-29 and Ground 
216-8- 3-3 Ditched B Pond Water 

Re l ease Release {ppm) {ppm) {ppm) 

February 8, 1985 
NaNOz 1.45 33,000 0.93 <1 

Apri 1 4, 1985 
. 0~'23(SO-i) FeHS03 0.023 1,800 <1 

H3S03 0.087 7,200 

July 1, 1985 
NH4F 10 370,000 31( F-) ~O(F-) 
NH4N03 0.24 70,000 0.3 <1 

August 1, 1985 
NaOH 19 440,000 156(Na+) 16 
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Data and Assumptions 

1. Volume of B Pond - 1.8 x 107 gal= (Dillon 1985). 

2. Surface area of B Pond - 39 acres= 1.7 x 106 ft2 (Dillon 1985). 

3. Depth to ground water under B Pond - 150 ft (Dillon 1985). 

4. Sediment density- 1.6 g/cm3 (Routson and Fecht 1900). 

5. CaC03 content of sediments beneath B Pond - 0.3-2.2% (Fecht and 
Price 1977). 

6. Mixing fraction fn the ground water beneath B Pond - 8-100:l 

(calculated ·by the author). 

7. Mixing fraction in 216-A-29 and 216 B-3-3 ditches- 10:1. 

8. Evaporation from B Pond - assumed negligible (data below) CDillon 

1985 >. 

January 18, 1985 - <0.1 in/day 

February a, 1985 - <0.l in/day 

April 4, 1985 - <0.1 in/day 

June 25, 1985 - 0.2 in/day 

July 1, 1985 - 0.3 in/day 

August 6, 1985 - 0.25 in/day . 

9. Infiltration in the 216-A-29 and 2168-3-3 ditches is negligible 

(D il 1 on 19 85 ) • 

10. Infiltration in 8 Pond - <1% (Dillon 1985). 

.... - -.-- :i;.-. 
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