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SUMMARY 

Four deactivated concrete water treatment basins located in the 
100-H Area were designated for use as solar evaporation basins 
in the early 1970 1 s. The 183-H basins are used for the storage 
and/or disposal of the routine chemical wastes generated by the 
UNC Fuels Production Department. 

In mid-1977, analysis of groundwater samples from the well closest 
to the 183-H basin began to show elevated levels of nitrate. 
These higher nitrate concentrations indicated leakage was occur
ring from basin No. 1, the only basin in use at the time. 

To correct the leakage problem, use of basin No. 1 was discon
tinued in mid-1978 when basin Nos. 2 and 3 were put into service. 
The basins were carefully prepared and coated with a urethane 
liner before being put into use. Basin No. 4 is being prepared 
in a similar fashion, except that it will be coated with a butyl 
liner, and should be in service by late 1982. 

Environmental effects of nitrate and hexavalent chromium pollu
tion on aquatic organisms are discussed. Both N03- and cr+6 are 
at least mildly toxic to the early life stages of several salmonid 
fish species. Adult salmon are much more tolerant of this type 
of pollution. 

The major human health problems associated with nitrate include 
methemoglobinemia and the formation of N - nitroso compounds. 
cr+6 ingested by humans may be toxic to the central nervous ~ystem, 
liver, skin, kidney, and the respiratory tract. The National 
Drinking Water Standards for N03- and cr+6 are 45 ppm {or 10 ppm 
as Nitrogen) and 0.05 ppm, respectively. 

A very simple model ·was developed -to estimate the No3- and cr+6 
concentrations in the Columbia River due to leakage from the 
183-H Basin. Estimations from this model indicated extremely 
low concentrations of these pollutants. 

It was concluded that the environmental impact from the leakage 
of the 183-H Solar Evaporation Basin is negligible. The main 
reasons for the absence of impact include the dilution of pollu
tants in the groundwater, the low concentrations of pollutants in 
the river along the shoreline and at mainstream, and the tolerance 
of these low NOJ- and cr+6 concentrations by aquatic organisms. 
In addition, the isolation of 100-H Area from the general public 
aids in preventing the leakage from contaminating any private or 
public drinking water supplies. 



en 
,...... 

t.n 

0 

'..fl 

· ········ · ··-· · ·"' ·•-''"~· ·· • .. ~ ..... .. .. ... . 

. . , ' 
UNI-2128 

1.0 183-H SOLAR EVAPORATION BASIN 

4. 

Four deactivated concrete water treatment basins located in 100-H Area 
(see Figure 1.1) were designated for use as solar evaporation· basins in 
the early 1970 1 s. The basins are for storage and/or disposal of the 
routine chemical wastes generated by the UNC Fuels Production Department 
(FPO). Prior to use of the 183-H basins, the routine chemical wastes 
were disposed of via ground disposal in the 300 Area process trenches. 

The first shipment of chemical waste discharged to basin No. 1 occurred 
on June 23, 1973. After two months of use, a leak in a receiving tank in 
the 300 Area caused a postponement of the use of the evaporation basin 
until late January 1975. Currently, basins No. 2 and 3 are being used 
with basin No. 4 expected to be ready for use late in 1982. 

1.1 Description of Facility 

The dimensions of the basins are given in Figure 1.2. Photographs 
of the basins are also provided. The total capacity of each basin, 
at a useable depth of 12 feet, is approximately 450,000 gallons. 
Wire strands have been installed over the basins at six foot 
intervals to discourage waterfowl landings. The entire group of 
four basins is surrounded by a six foot high chain link fence topped 
by three strands of barbed wire. 

Basin No. 1 was modified for chemical waste use by permanently 
plugging the drain and installing a tank truck discharge line. This 
basin was taken out of service in August 1978 due to a leakage 
problem. By that time, basins No. 2 and 3 had been prepared to 
accept the neutralized chemical wastes. 

Basins No. 2 and 3 were prepared by first permanently plugging all 
drains and sandblasting the wall surfaces. Basin walls were then 
covered with one coat of Carboline No. 295 W.B. surfacer and coated 
with at least 40 mils of Carboline Xl304-146 urethane lining. The 
tank truck discharge line was also extended to service these basins. 

With the advent of increased fuel production, basins No. 2 and 3 are 
being filled at a rate faster than anticipated. This has 
necessitated the use of basin No. 4 for evaporation of chemical 
waste. Minor seepage through the wall from basin No. 3 to 4 is 
evident after nearly four years of service. Although not 
significant in itself, the seepage is indicative of either 
permeability or degradation of the lining in basins 2 and 3, so that 
a different lining will be used for basin No. 4. 
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Basin No. 4 is to be prepared by plugging drains, sandblasting, 
sealing significant cracks with an epoxy - polysulfide caulk 
(Carboline #225), surfacing with an epoxy surfacer (Carboline #295 
WB), applying a tie coat (Carboline #1340 Clear), then applying 40 
mils of Butyl elastomer coating (Carboline Chem-Elast #5501) with 20 
mils of Hypalon elastomer coating (Carboline Chem-Elast #5011) for 
ultraviolet protection. The tank truck discharge line will be 
extended from basin No. 3 to 4. 

1.2 Composition of Wastes Discharged to 183-H Basins 

Neutralized chemical waste is routinely generated in the fuel 
fabrication process at FPO facilities in the 300 Area. The 
quantities of routine wastes that have been discharged to the solar 
evaporation basins through CY-1981 are presented in the following 
table. 

Table 1.1 Amounts of Routine Waste Discharged to the 183-H Solar 
Evaporation Basins (taken from UNC Annual Effluent 
Release Reports). 

Year Gallons Litres 

1981 200,000 757,000 
1980 150,000 570,000 
1979 160,000 604,000 
1978 150,000 570,000 
1977 155,000 588,000 
1976 134,000 508,000 
1975 142,000 540,000 
197::S 8,000 302000 

TOTAL 1,099,000 4,167,000 

The routine neutralized chemical wastes contain high concentrations 
of nitrates and copper due to the use of nitric acid and copper 
stripping procedures in the fuel fabrication process. 

Sma 11 er quantities of hazardous wastes such as hexaval ent chromium 
are also present in the routine wastes. The chromium is due to the 
etching of stainless steel by HF-HN03 acid and the disposal of 
about 250 ga 1/yr of 11 Zi nctone" and 50 ga 1 /yr of "Kl een-ox 11 

solution. The quantities of the more important materials discharged 
to the 183-H basins during 1981 are listed in Table 1.2. 
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Table 1.2 Quantities of Materials Discharged to the 183-H Solar 
Evaporation Basin in CY 1981. · 

Material Pounds ~ 

Anmonium ion 260 120 
Fluoride ion 12,700 5,760 
Nitrate ion 253,000 115,000 
Chromium 150 70 
Copper 38,200 17,300 
Manganese 340 160 
Sulfate ion 50,800 23,030 
Uranium 520 240 

Starting in December 1975, FPO began disposing of some of the waste 
chemicals from other Hanford contractors on a work order basis. 
These waste chemicals were placed in the 183-H Solar Evaporation 
Basins. The service was restricted to nonradioactive wastes (other 
than unirradiated uranium) that are water soluble, nonflamnable, 
nonexplosive, and are compatible with UNC's waste solutions. 

A Chemical Waste Disposal Permit is filled out for each type of 
waste chemical by the person requesting disposal. FPO personnel 
determine if compatability tests and/or analyses are required and 
what disposal procedures must be used. The waste chemicals are not 
accepted until all the appropriate approval signatures are obtained 
on the disposal permit. 

Through this chemical waste disposal service, several hazardous 
wastes (as defined in Environmental Protection Agency Hazar~ous 
Waste Regulations) have been placed in the 183-H Solar EvaiJuratfon 
Basins. A list of the hazardous wastes placed in the basin is 
presented in Table 1.3. 
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T bl 1 3 Hazardous Wastes in the 183-H Basins a e • • 

Date 

01-05-82 

12-1)3-91 

11-26-80 

Permit Number 

2-82 -
I 

3-91 ..:... 

Waste 

50 gal of silk screen cleaner with 26 ppm Pb 

1 1/2 gal Cu ND-120 (90 PPlll Cr) and 3/4 gal P.ed 
Zr-130 (BO ppm Cr) 

6-80 / 47 gal of hydrazine in 1,200 gal of boiler cleaning 
solutions 

10-02-80 4-80 _ 100 gal of silk screen cleaner with 60 ppa Pb 

)2-01-80 1-80 - 500 gal of liquid with 30 ppm Cr 

10-30-79 5-79 ~ 40 oz/gal chromic acid .: 75 lbs. total 

05-08-78 6-78 - HgCl2 - 0.9 lbs total 

05-23-77 13-77 - 450 gallons with 100 ppm Cr and 10 ppra Pb -----~!:-:!7!.,_7 ___ 1!J2;:.-ZuZr..._ ___ ~16-vg .. 1l1-.11.u.9DwSLJ!.Of!...J!US;ued~~tery acid ~_n_ta_t_n_tng_ ~--- ... 

04_.13-77 11-77 - Potassium dfchromate (KzCr2o7) - 2 lbs 

.....-~. -----
~:~-77 

03-09-77 

~-09-77 

03-09-77 

03-07-77 

10-11-76 

08-17-76 

08-17-76 

08-05-76 

07-12-76 

06-29-76 

03-25-76 

02-20-76 

02-17-76 

02-02-76 

01-30-76 

01-19-76 

10-77 

8-77-

7.77 

6-77-

5-77 

32-76 

29-76 -

27-76 -

26-76 -

24-76-

22-76 _ 

20-76 -

. 8-76 -

7-76 -

6-76 -

5-76 _ 

4-76 -

3-76 

Sodha dichromate (Na2cr2o7) - · 1 lb 

300 gallons of used battery acid containing Pb ' ---- --
Ch~ c~".°.3.!__:_6 lbs ----p ... • C·--:.1 .. H. If .... turJ ~-· oa+•i• ,,.........~ - , w _ ~ __ 

Sodiua Chromate (Na2cr04) - 4 lbs 

Barium Perchlorate (Ba (C104)2) - ~ 1, 

SoCULUB Cyan.i.de. (NaCNI • 1 lb 11 Kg tu~ 
Cu.ptau.4 Cya.ni.dt (C (CNI I - I lb I 1 Kg li.4.tL- ' 

300 gallons of used battery acid containing Pb 

185 gallons of used EDTA solution with 100 ppm Pb 

Mercuric nitrate Hg(N03)2 - 1/8 gallon 

60 gallons of used battery acid containing Pb 

Solution with 10 ppm Cr - 39 lbs 
Solution with 10 ppm Cr and 6 ppm Cd - 15-lf gallons 

Hf Acid Solution with 10 ppm Cr - 1 pt 

Flake Chromic Acid (Cr03) - 100 lbs 

275 gallons of used battery acid containing Pb 

52 gallons of used battery acid containing Pb 

140 gallons of used battery acid containing Pb 

240 gallons of used battery acid containing Pb 

Used absorbing sol ution wi th 1.34 lbs Hg 

0!-15-7~ ~~d C:VANlOE ,otutiollo6 - t gallo"6 (1 Kg tu.Cl _- ' ------
07-12-76 25-76 - Acid Solution wfth 80 ppm Cr - 1% gallons · 
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2.0 HISTORY OF LEAKAGE FROM BASIN Ml. 1 

Groundwater well 199-H4-3 is located within 200 feet of the 183-H Solar 
Evaporation Basins (refer to Figure 1.1). This well is included in the 
Battelle Pacific Northwest Laboratory (PNL) well sampling program and is 

· sampled on a routine basis. 

On July 29, 1977, PNL notified UNC of high nitrate levels in well 
199-H4-3. At that time, basin No. 1 was the only basin in use. The high 
nitrate levels indicated that this basin was leaking. 

2.1 Nitrate and Hexavalent Chromium Concentrations in Groundwater 

Since the initial high nitrate levels were detected, PNL has been 
sampling well 199-H4-3 approximately once per month. The 
concentrations of nitrates and hexavalent ·chromium are shown 
graphically in Figure 2.1 and listed in Table 2.1. 

The concentrations of both 003 - and Cr+6 peaked in the su1T111er 
of 1978 and have not approached those high levels since. Leakage 
from basin No. 1 has resulted in a groundwater plume that is 
chemically contaminated. and is moving hydraulically downgradient 
towards the Columbia River. 

At its closest point, the 183-H basins are approximately 600 feet 
from the river. PNL has reported low transmissivity values for the 

· soil at 100-H Area which indicates the groundwater is moving slowly 
near the 183-H basins. PNL scientists have estimated that the 
groundwater probably moves less than 200 feet per year (personal 
conmunicat~.on, A. E. Reisenauer, 6/28/82). 

The groundwater flow also slows down as it approaches the river and 
is dramatically effected by river elevation. During low river flows 
the groundwater enters the river, however, at high river levels, 
"bank storage" occurs where river water flows back into the . 
groundwater and the groundwater flow reverses direction (for the 
groundwater close the riverbank). 

The slow speed of groundwater flow at 100-H Area is significant 
since it will take a long time for the chemicals which leaked from 
basin No. 1 to reach the river. For examplei the portion of the 
groundwater plume with the high 003 - and Cr 6 concentrations 
reported in mid-1978 has probably not yet reached the river. 

2.2 Corrective Action to Mitigate Leakage 

Shortly after the high nitrate concentrations were detected in the 
groundwater, a leaking water line was discovered between the 183-H 
basins and the adjacent well. The underground water line was 
repaired by September 9, 1977. 
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Table 2.1. Nitrate and Hexavalent Chromium Concentrations from Well 199-H4-3. 

~~ 
., 

~~ ... q( '(f.,. 1D_ ~\t 
Date 1103- {e~l cr+6 h~eb} Date N03- {epm} Cr+6 {eeb} 

1/17/78 2100 3300 01 /07 /81 770 * 
2/28/78 4400 4400 01/19/81 820 2500 
3/27/78 4300 1500 02/04/81 530 * 
6/02/78 4400 2900 02/10/81 430 * 
6/23/78 4700 6400 2/26/81 1200 3400 
7/12/78 8400 12000 3/17/81 2300 3700 

0- 9/25/78 4800 4100 4/16/81 2100 770 
10/11/78 6200 4200 5/29/81 64 * r-... 
11/06/78 3900 4800 6/19/81 980 2800 

. ( ') 11/13/78 * 1100 7 /20/81 910 1100 
12/21/78 * 2200 8/20/81 39 * 
2/06/79 * 1900 10/13/81 700 410 
3/05/79 2700 * 11/09/81 * 120 
4/17/79 * 1100 01/05/82 720 2700 n 
7/19/79 2200 2100 02/26/82 950 4300 ... 7/31/79 * 1750 05/20/82 1400 2900 
8/23/79 1500 3800 . ' 9/12/79 1700 3700 

10/05/79 1300 3500 

11/01/79 1000 860 
N 

1/08/80 * 4400 

0-- 1/25/80 1700 3200 

3/4/80 1900 4100 
3/31/80 1100 3400 
5/15/80 1200 1700 

6/24/80 710 2600 
8/14/80 2100 4300 
9/11/80 2100 2500 

10/ 2!1/flO 660 2900 
11/04/80 620 * 
11/11/30 630 * 
11/18/80 660 * * = No Sample 
12/01/80 750 * 
12/10/80 740 * 
12/15/30 620 * 
12/31/80 820 3900 
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At the time it was felt that water from the leaking underground 
water piping was causing chemicals which had leaked from the basin 
to return to solution and enter the groundwater rather than remain 
bound and immobilized in the soil column. Since the nitrate levels 
remained high after the leaking water line was repaired, it now 
appears the water from that source had less influence in mobilizing 
leaked chemicals to the groundwater than originally thought. 

To correct the leakage problem basins Nos. 2 and 3 were carefully 
prepared and covered with a urethane lining as described earlier. 
Liquid waste in basin No. 1 was then pumped into basin No. 2. 

It should be mentioned that only a small portion of the wastes in 
basin No. 1 could be pumped. The material in this basin consisted 
of three district phases as follows: (1) a crystalline phase on 
top of the liquid that was estimated to be up to six inches thick 
and primarily NaS04, (2) a precipitate of heavy metals (mainly 
oxides and hydroxides) in the bottom of the basin, and (3) a 
liquid supernate which was primarily a saturated solution of 
NaN03. The wastes which could not be pumped out of basin No. 1 
are still contained within this basin. 

Basin No. 4 will be prepared for use during 1982. Since the time 
when the other two basins were lined with a urethane liner, it has 
been found that butyl compounds resist degradation from ultraviolet 
radiation more favorably, hence, basin No. 4 will be lined with a 
butyl liner. 
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3.0 ENVIRONMENTAL EFFECTS OF NITRATE POLLUTION 

Most forms of nitrogen are very soluble in water. The main sources of 
nitrate in water are natural aerosols (e.g. arrmonium sulfate), 
precipitation, fixation by microrganisms, organic matter, agricultural 
and industrial wastes, and rocks. The relative importance of each of 
these contributors varies between regions. Figure 3.1 is a graphic 
diagram of the nitrogen cycle. 

The nitr·ate concentration in groundwater is typically higher tha·n surface 
waters since groundwater is often in contact with rocks from which 
nitrate is leached. The following table gives some typical nitrate 
concentrations. · 

Table. 3.1 Typical Nitrate Concentrations Found in the Environment 
(Osteryoung, 1972). 

Reservoir 

Surf ace Water 
Groundwater 
Igneous Rock 
Sedimentary Rock 

Peat 
"Unpolluted" Water 

Nitrate (ppm) 

0-100 
0-1000 

200 
2200 

70,000 
5-10 

The most important non-agricultural sources of nitrate pollution are 
domestic sewage and percolate from refuse (as from a· sanitary landfill). 
Most of man-made .nitrate po1lution originates from non-point sources, 
which are the most difficu: pollution sources to identify and control. 

3.1 Effects of Nitrate on Aquatic Organisms 

Normally, the concentrations of nitrate actually in solution in a . 
stream or river are low because the ions are rapidly taken up by 
plants. ·For example, observations in the Volga River show the 
nitrate concentration may fall to zero in the surrmer and rise to 
over 1 ppm during the winter when plants are not active (Hynes, 
1970). 

Ecological effects of nitrates are mostly concerned with 
eutrophication -- and eutrophication is usually only a problem in 
lakes. Phosphorous and nitrogen are the most important nutrients 
that stimulate overenrichment leading to the undesirable water 
quality changes characteristic of eutrophication. 

Kincheloe, et al (1979) found that nitrate is at least ·mildly toxic 
to the early life stages of several salmonid species. In their 
experiments, they tested the egg and early fry stages of chinook 
salmon (Oncorhynchus tshawytscha), coho salmon (0. kisutch) and 
anadromous (Steelhead) and nonanadromous rainbow-trout (Salmo 
gairdneri). Results of their experiments are shown in Table 3.2. 
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Table 3.2 Egg and Fry Mortality due to Incubation in Nitrate 
Containing Water. Significant Mortalities at the P = 
O. 05 l eve 1. 

Species and Life Stage 

Chinook Salmon Fry 
Steelhead Trout Eggs 
Rainbow Trout Eggs and Fry 
Coho Salmon Eggs and Fry 

Nitrate Concentration at which 
Significant Mortality Occurs 

20 ppm 
5 ppm 

10 ppm 
no significant mortalities up 
to 20 ppm 

Westin (1974) performed a series of experiments to determine the 
median tolerance limit concentrations for the survival of several 
species of adult salmonids. Her results indicate that adult fish 
are much more tolerant of nitrate exposure than the early life 
stages. The four day and seven day median tolerance limit 
concentrations were 5800 ppm and 4800 ppm, respectively, for chinook 
salmon and 6000 ppm and 4700 ppm, respectively, for rainbow trout. 

Toxicity of nitrate to other aquatic organisms is presented in Table 
3.3. 

Table 3.3 Toxicity of Nitrate (Hohreiter, 1980). 

Invertelmttes 
Planaria 
Cladocera .. 
Snail .. 

.E!!!1 
~l:>squito fish 
Goldfish 
Blue&ill .. 

Rainbow trout 
Chinook salmon 

Bicmphalaria al~ 
BuZinu, t1Wla2tl<e 

L!,mnaaz •P• 

(Car..bu,ia affime) 
( Cg,aettUAa aura tu, J 
r upa,,i, ntaCJ'Ocnm, J ,. ,. 

,. " 
" ,. .. 

( Sa lmo gai1'0rn:'i J 
(Ona.n-hyncw u~ tecita) 

Recatlllfflded Standards or criteria 

Domestic: 

Nitrate 
11111 

1000 
S000 

66S 

6000 
3100 
3251 

66S0 
1282 
9400 

10,000 
9000 
2000 
420 

1060 
1080 

10* 

Reference 

48 hour 11JD. 
IJIIIIOl>ilized in 48 hcun. 
96 hour n.., acute. 

Lethal, 24 hours, acute. 
Lethal, 24 hours, acute. 
96 hour n.., aa.ite. 

96 hour n., acute. 
Lethal in 14 hours. 
96 hour 'J'JJD, 5111311 fish. 
96 hour Tull, mediin fish. 
96 hour 'J'JJD, large fish. 
LC50, 96 hours, sodiua nitrate. 
LC5o. 96 hours, potassi1111 nitrate. 
l.C50, 7 days, fingerlings. 
l.C50. 7 days. 

11 
16 

209 

201 
,201 
200 

193 
202 
68 
64 
68 

203 
203 
204 
204 

14 

a. Nitrate is converted to nitrite (ldiic:h is 14,185 
10 times 110re toxic: than nitrate) by bacteria 
in nature. 

b. lfitnte, under proper conditions, can serve 185 
as a precursor in the microbial for.tion of 
nitr0smines in natural waters. (Nitrosaines 
are known carcinogens, 1Utagens, teratogens, and 
acute toxicanu). 

• c. Standard for drinking water is 10 -a/1. At 115 
20 ag/1, 11ethemc,globineaia (blue ~ disease) 
is COl!IIIOll in infanu. Standard ell!!)lays a veiy 
narrow safety factor of 2, and per/-.aps a lowr 
standard should be ccnsidered for waters that vill 
be used for drinkina . 
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3.2 Nitrates and Human Hea1th 

The adverse health effects related to nitrate involve, as a first 
step, the reduction of nitrate to nitrite. The major health 
problems associated with nitrate include methemoglobinemia and the 
formation of N-nitroso compounds. 

Methemoglobinemia is a disease which results in the reduction of the 
oxygen-carrying capacity of the blood. This disease occurs when an 
oxidizing agent such as nitrite, formed in the stomach from nitrate, 
combines with hemoglob in to form methemoglobin. 

Infants are especially susceptible to methemoglobinemia due to low 
gastric acidity which promotes nitrite formation in vivo from 
ingested nitrate and from their increased susceptToiTffy of 
hemoglobin to methemoglobin formation. Infants in the first three 
months of life are most susceptible to the disease while adults 
normally are not. 

Nearly all cases of methemoglobinemia in the United States resulted 
from ingestion of nitrate in private well water used to make infant 
formula. The disease is quite rare when water supplies contain less 
than 10 ppm f-03 - (as Nitrogen), however, it can be common in 
infants at concentrations of 20 ppm. 

Nitrate concentrations above 10 ppm are rare in public water 
supplies in the United States. Some private drinking water wells on 
small farms may contain up to several hundred ppm of nitrate. The 
national dr_inking water standard for nitrate is 45 ppm, which 
correspond$. to 10 ppr for nitrate as nitrogen. 

Nitrite can also react with other substances to form N-nitroso 
compounds. Of these compounds, it appears that the N-nitrosamines 
pose the most significant threat to human health. The general and 
acute toxicity, teratogenicity, mutagenicity, and carcinogenicity of 
a variety of nitrosamine compounds is well established. The 
carcinogenicity of nitrosamines has not been conclusively proven for 
humans. 

Other human health problems associated with nitrate concentrations 
have also been observed. Hypertension mortality and prevalence were 
found to be higher in river basins with greater water hardness and 
higher nitrate concentrations. It has also been suggested that 
nitrate poisoning (methemoglobinemia) may be responsible for 10-20i 
of the Sudden Infant Death Syndrome victims up to three months of 
age in Czechoslovakia (Osteryoung, 1972). 
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4.0 ENVIRONMENTAL EFFECTS OF CHROMIUM POLLUTION 

Chromium is found in the environment through natural means as well as 
man-made pollution. Concentrations of chromium in the earth's crust 
range from 10-100 ppm while this metal is found in river water at 
concentrations of 0.001-0.8 ppm. The cycling of chromium is presented 
below. 

EXTRATERRESTRIAL SOURCES 

8 3 X 10 g/yr 

1 
,---------~ ATMOSPHERE 5 X 109 g 
wind, volcanic activity 

CONTINENTAL 
PRECIPITATION 

6 X 1011 g/yr 

PRECIPITATION 
INTO OCEAN 

1. 5 X 1012 g/ yr 

SOIL OCEAN 1.7 X 1014 g 

9.1 X 10109/yr 

PLANTS 4.6 X 1011 g 

! 
3 X 108 g ANIMALS 

~ 
Bl"TA 2.2 X lOlO g 

DEPOSITED 
SEDIMENTS 

2 X 1011 g/yr 

Figure 4.1 Natural Biogeochemical Cycling of Chromium (Furst, 1981). 
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Trivalent chromium is the most stable form of chromium under the 
redox conditions normally found in natural waters and sediments. 
cr+3 in natural waters usually precipitates quickly due to the 
formation of insoluble hydroxides or oxides. 

Hexavalent chromium is a strong oxidizing agent and is always found 
in an aqueous solution as a canponent of a complex anion. cr+6 
present in most natural waters (pH > 6. 5) wi 11 be in the form of the 
chromate ion (Cr04)-2. · 

In natura 1 waters, most of the cr+3 is absorbed on to par ti cul ate 
matter whereas most of the cr+6 stays in solution. For this 
reason, cr+3 is usually found in river sediments while cr+6 is 
found in river water. 

Effects of Chromium on Aquatic Organisms · 

Studies on the environmental fate of chromium have indicated that 
this metal is accumulated in aquatic biota to levels much higher 
than in the ambient water. One study found the food chain to be a 
more efficient pathway for the uptake of chromium than direct uptake 
of seawater. A study in Narragansett Bay, Rhode Island, found that 
phytoplankton concentrated chromium more than other organisms. In 
addition, the bioaccumulation factor for the uptake of chromium by 
fish is known to be very high. 

_In a study of the effects of chromium on aquatic plants, Mangi, et 
al (1978) found cr+6 to be moderately toxic to several riverine 
algae and less toxic to duckweed. Growth of all plants was 
inhibited by a cr+6 concentration of 10 ppm. The uptake of 
chromium varied- approximately linearly with the concentration of 
cr+6 present in the water. Adsorption was largely responsible for 
the "uptake 11 since dead plant cells also removed chromium from the 
water. The accumulation of cr+6 by both living and dead plant 
matter could be an important mechanism for lowering cr+6 
concentrations in river water. 

Tests by Benoit (1976) indicated that rainbow trout were slightly 
more sensitive to cr+G than brook trout (Salvelinus fontinalis). 
One week old rainbow and brook trout alevins were exposed to cr+6 
concentrations of 0.34 ppm and 0.76 ppm. Both species exposed to 

· the higher concentration died within the first three months. Growth 
weight was retarded at 0.20 ppm as eight month old rainbow and brook 
trout weighed 30% and 20% less than controls, respectively. The 
mean 96 hour LC50 for cr+6 for 14 month old rainbow trout was 69 
ppm and for five month old brook trout the mean 96 hour LCso was 
59 ppm. _ . 

The toxicity of chromium to other aquatic organisms is listed in 
Table 4.1. 
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Table 4.1. Tox1c1ty of Chromium (Hohreiter, 1980). 

0r&311iS• 

DiatOII .. 
Sc .. ·rwd, .-.. 
(Nain.c:.1.aJ ,, 

lnvertehrates Oaplulia 
Oapltnia IIIOgna . . 

,. ,. 
,. ,. 

""1'hipod (G.:,marus pw14z) 
Snail (General) .. 

Planaria 

fish 

Goldfish 
" 
" 

Bluegill 
" 
" 
" 
" .. 

"Sunfish" 

" 
" 
" 

. ,, 
( i..po,,,i• ouc:rochinoa J ,. ,, 

,. ,. 
,. ,. 
• ,. 
• ,, 
,, ,. . ,, 

(General) 
" 

Oirollliia 
mg/1 

0.7 
O.Zl 
0.25 

0.21 

0.7 
0.016 
o.os 

cc!).10 
cc 0.10 

o:51 
1.4 

17 .J 
40.6 

148 

52 
104 
177 
so 
70 
75 

103 
145 
148 
213 
lOO 
110 
113 
135 
170 

f!!!!. (Continued) 

Rainbow trout 
Brown trout 
Trout (General) 

(SaZ- gairdMrl ) 20 
(Sa.- tJ'ktW S.2 

" .. 
" 

Fish (Genenl) 

Goldfish 
GlwY 
Blueaill 

" 

(eara.n. ... CZMl"ati<a) 
(Pomlia Nticul.zta) 
( UJX'l"W IIUCl'OChi'l'W) ,, ,, 

,, ,, 
,, ,, 
,, ,, 

50 
100 
100 

s 

37.5 
30.0 
71.9 

110. 

l70 
113.0 
176.8 

" .. 
" 

Stic:klebac:k 

0.2 
11S 
133 

(Caauro•t•w acu't«ici..J 1.0 

" 
" 
" 

• 

" .. 
# II 1.2 .. 

" 
,, 
" 

,, 
" ,, " 

" 
,, 

Lars,~ ~, (Nl.a";;":'UNI ":l•t0ida.) 

Rainbow trout (Salmo gai.rdMrl.) 

" " . ,, . " 
" • " Brook trout (Salu•Zi.nld font£naluJ ,, ,, 

" " 
Oiinook salmon (0. t•c'-'!fuchaJ 
Coho sa1"Jn (O. ki•uu:ls) 
"YOU'ii sallllllft" 

Rec:Ol'l'lffldecl sunda'l'ds or criteria 
Do~stic: 
Stoc:k wnerin1 
fish and .aquatic: liCe . 
Fish 
.-quauc: life besides fish 

l.l 
2.0 
2 • .a 
s.o 

~95 
94 
69.0 
69.0 
0.40 
s.o 

10.0•ll, 5 
so.o 
59.0 
0.40 
o.z 

17.8 
•10.0 

0.05 
5.0 
0.1 
1.0 
o.os 

Threshold effect. 
Soft water TIJI . 
Hard· water ~ 

Threshold affect. 

Threshold effect. 
Toxic: thnshold. 
~thd in 6 days . 
Toxic threshold. 
Toxic: threshold. 
Toxic: threshold. 
Total 1110rtality. 
Soft water TIA 
Hard water TIA 

Toxic: . threshol.1. 

Toxic: in JO • in. 
ioxic: in 6 to 84 hours. 
Toxic: in 3 days. 

• 

Toxic: liait for 30 day exposure. 
Toxic: liait for l week's exposure. 
Died within 4 days. 
96 -hour T1A 
24-hour Tua. 
Toxic: 1 wt. 
48-hour Tua. 
24-hour Tua. 
96-hour Tua. 
96·hour Tia. 
96·hour Tua, hard water. 
96-hour Tua. 

Toxic:. 
Toxic:. 
~thal in 33 hours . 
24-hour Tl.a. 
~thal after 6 hours. 
Toxic. 

LCso• 96 t.,urs. 
!-S;0 , 96 _houn. •J 

References 

5!J 
60 
60 

42 

59 
5 

61 
16 
16 
6Z 
63 
60 
60 

64 

65 
5,69 
65 
66 
66 
a 

68 •,71 
70 
s 

71 
70 
46,72 
60 
60 
46,72 

22,69,73 
74 
8 

75 
8 

LC: 96 hDUl's, Cr 
11A0 96 hours, acute, soft -ter. (Alkalinity and 

hardness reduced toxic:i ty.) 
Oiromte, 96 hour Tua, a.cute, soft water. 
96·hour, Tia (dic:hl"OIIDte). 
96•hour, 100\ kill (dic:h~te). 
96·hour,.xi--, continuous exposure • 
LC50 , er.

6
, 96 hours. soft water. 

~• Cr , 96 hours, hard water. 
'"TOliC lwt", acute 
Lethal li• i t. 
Survived only 1 wek. 
Survived only 2 days. 
~thal liait. 
Survived only l day. 
na, u houn. 
na, ao hours, 
Tua, 96 hours, 
LC50 , 96 hours, soft watn-. 
Reproduc:tive i~il"al!ftt, Z ynn. 
40\ killed, 15 ilays (c:hrmate) . 
801 killed, 1S days. 
n.• , 96 hours. 
!.-Cso• 96 houn. 
11eproduct1ve iq,aii.nt, ? ,nn. 
Aler"! and juveniles, survival si&nific:antly reduced. 
er• , toxic:. 
Minima lethal c:onc:mtration. 

General Reiu.rks 

Toxic:ity of c:hroaiua md 
its~ to ,quatic: 
biota depends on the 
val~r• r,f rti.~ • ,-. ._.,.,.. -

46 
47 
47 
48 
33 
ll 
49 
6, 7 
6 
6 

43 
6 

SJ 
SJ 
54 
55 
54 
S6 
56 
54 
55 
54 
57 
SI 
sa 

14,15 
15 
14 
1S 
15 
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4.2 Chromium and Human Health 

Trivalent chromium functions bilogically as an essential element in 
manmals where it helps to maintain efficient glucose, lipid, and . 
protein . metabo1ism. The average daily human food intake of chromium 
is about 250 µg/day. 

Adverse human health effects due to chromium are mainly due to 
cr+6, which is much more toxic than.cr+3. The target organs for 
hexavalent chromium include the central nervous system, liver, skin, 
kidney, and the respiratory tract. 

cr+6 is a suspect carcinogen as some authors have associated 
tumors in humans with chromium exposure. cr+6 is also a teratogen 
since it concentrates in the fetus. 

Chromium concentrations in uncontaminated water average about 1 ppb 
while municipal drinking water often contains up to 35 ppb. Human 
toxicological responses are not expected at these chromium 
concentrations. The National Drinking Water Standard for chromium 
is 50 ppb. 

4.3 Chromium and Other Metals 

To get an idea of the toxicity of chromium compared to other metals, 
Tables 4.2 and 4.3 are presented to show how chromium compares to 
seven other toxic trace elements. 

The tables were prepared by Koranda et al {1981) and show a 
c~M?arison of chromium, arsenic, caicium, lead, selenium, nickel, 
vL1adium, and uranium. Except for uranium, chromium was found to be 
th~ least toxic of these elements. 



a-

("'.t<, 

! .. f1 

: ,·1-

-19- UNI-2128 

Tab 1 e 4, 2, Toxicity parameters for eight toxic metals. 

IRR Daily Aquatic Plant 
ACAa Soi lb owsc HHOd intakee toxicity toxicity Mammalian Human Fl:iH 

BIOACCIJMf Element (ppm) (ppm) (.,gJliter) (.,g/li ter) (ugl (mg/Ii terl (ppm) toxicity toxicity 

Arsenic 1.8 6 o.o, 0.1 900 0.02 0.,.2 11.2 ppm 125 mg ))) 

1-25 mg/kg 0.06-1. la mg/kg 

Cadmium 0.2 0.06 0.01 0.01 72 0.01-10 0.1-J 72 mg/kg J mg/d 200 

Chromium 100 100 o.o, 0.1 284 O.OJ-64 0.}-24 1870 mg/kg 4000 ppm 4000 

Nickel 7} 40 o.o, 0.2 . ,oo O.OJ 25-100 J.J g/kg _g 100 

Lead I) 10 o.o, 0.1 JOO O.Ol-)0 25-)0 o.,-0.8 ppm 1.7 mg/kg JOO 

Selenium o.o, 0.2 0.01 0.02 200 2 }-20 6 mg/kg 0.7-7 mg/d 167 

Uranium · 1.8 0.1 o., I,) 2.8 50+ 400 mg/kg 1-4 '- diet 10 

Vanadium 13' 100 0.1 O.l 1160 4.S 10-40 50 mg/kg not known 10 

a Average crustal abundance. 

b Average soil concentration. 

cDrinking water standard. 

dContinuous irrigation water standard. 

eDaily intake from food, air, and water. 

fBioaccumulation factor for fishes. 

&Toxic only as the carbonyl; some cutaneous sensitivity. 

Table 4 .3. Toxicity matrix. 

Toxicity parame_t_e_r_s __________________ _ 

ACAa 

HIGH Vanadium Chromium Cadmium 

Chromium Vanadium Selenium 

Nickel Nickel Arsenic 

Lead Lead Lead 

Arsenic Arsenic Chromium 

Uranium Uranium Nickel 

Cadmium Cadmium Uranium 

LO\I, Selenium ::ielenium Vanadium 

Caamium 

Selenium 

Lead 

Arsenic 

Chromium 

Vanadium 

Nickel 

Uranium 

Daily 

intake 

Vanadium 

Arsenic 

Nickel 

Lead 

Chromium 

Selenium 

Cadmium 

Uranium 

Aquatic 

toxicity 

Cadmium 

Lead 

Arsenic 

Nickel 

Chromium 

Selenium 

Uranium 

Vanadium 

Toxicity 1-lanking 

Plant 

Cadmium 

Arsenic 

Chromium 

Selenium 

Vanadium 

Lead 

Nickel 

Uranium 

Mammalian Human 

toxicity toxicity 

Lead Arsenic 

Arsenic Lead 

Selenium Selenium 

Cadmium Cadmium 

Vanadium Chromium 

Uranium Uranium 

Chromium Vanadium 

Nickel Nickel 

FISH 

BIOACCIJMe 

Chromium 

Arsenic 

Lead 

Cadmium 

Selenium 

Nickel 

Uranium 

Vanadium 

(I) Arsenic: High aaily intake; high plant, mammalian, ana numan toxicity; and t>ioaccun,ulation toxicity for fish 

(2) Cadmium: High drinking water, irrigation water, aquatic, and plant toxicity 

(j) Lead: HiKh aquatic, mammalian, and human toxicity 

(It) Selenium: High arinking water and irrigation water toxicity 

(5) Nickel: No hign toxicity or concentrations 

(6) Vanadium: High daily intake 

( 7) Chromium : High bioaccumulation toxicity in fish 

(8) IJraniurn: i',o high toxicity or concentrations 

a Average crustal abuncance. 

b Average soil concen trauon. 

cD,:nk1r.g ·.water standard. 

.. 
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5.0 ENVIRONMENTAL IMPACT OF 183-H BASIN LEAKAGE 

. . 

From monitoring groundwater well 199-H4-3, it is known that a groundwater 
plume currently exists beneath 100-H Area that contains high 
concentrations of 003 - and cr+6. Although the adverse impacts to 
the environment from this contaminated plume are difficult to assess, it 
appears there will be no detectable adverse environmental impacts due to 
the leakage from the 183-H Solar Evaporation Basin. 

5.1 Estimate of River Concentrations Near 100-H Area 

PNL groundwater scientists were contacted to perform computer 
modelling of the groundwater flow beneath 100-H Area. As part of 
this modelling, the volume and concentration of contaminated 
groundwater entering the Columbia River was to be estimated. 
Unfortunately, since only two wells exist at 100-H Area, PNL felt 
they could not perform such modelling. 

To obtain a rough estimate of the effect the contaminated 
groundwater plume may have on the river and river biota, a simple 
model was developed. Several assumptions were made concerning the 
contaminated groundwater plume, so that the estimates derived from 
the model should only be considered estimates of what could be 
occurrly in the river rather than an estimate of the actual 
condition. 

The conditions for the ioodel are listed in Table 5.1 and presented 
graphically Jn Fi~ure 5.1. 

Table 5. 1_: . Assymptions Used in Making E .... '".imates of 003 - and 
-. cr+6 Concentrat i ans in Co 1 unk:i a R i,ver. 

• polluted groundwater plume approaching river along a front ~00 
ft long and 10 ft. wide. 

• groundwater speed= 200 ft/yr= 16.6 ft/ioo = 0.56 ft/day 

• so, rate at which polluted groundwater plume enters river is: 

200 ft X 10 ft X 0.56 ft= 1120 ft3/day = 8378 gal/day 
= 350 gal/hr 
= 5.8 gal/min 

• characteristics of water entering river: 

- slope of riverbed is 300, so a 30°-60°-909 triangle 
is formed {see Figure 5.1) 

- side of triangle opposite 60° angle is 17.3 ft. long. 
area of triangle is 86.5 ft2. 

• then, volume of river water directly exposed to the polluted 
groundwater plume is 

200 ft X 86.5 ft2 = 17,300 ft3 = 130,000 gal 

• 
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Table 5.1 (cont.} 

• river flow along shoreline is 1 ft/sec 

1 so, total volume of water exposed to polluted groundwater 
plume in 1 minuti is 

130,000 + (130,000} (30%} = 170,000 gal 

• so, 5.8 gal of polluted groundwater i~ diluted by 170,000 gal 
of Columbia River water 

• resulting river concentrations along shoreline at 003 -
concentrations of 8400 ppm and 3000 ppm 

5.8 gal x 8400 ppm= 0.29 ppm 
170,000 gal 

~1 X 3000 ppm= 0.10 ppm 
rro--;ooo ga 1 

1 resulting river concentrations along shoreline at Cr+6 

concentrations of 12,000 ppb and 4000 ppb. 

5.8 gal X 12,000 ppb = 0.41 ppb 
170,000 ga 1 

5.8 6a1 X 4000 ppb = 0.14 ppb 
170, 00 

Using this simple model, very low 003 - and cr+6 ·concentrations 
were observed. At N03 - concentrations of 8400 ppm and 3000 ppm 
in the polluted grounawater, concentrations of 0.29 ppm and 0.10 ppm, 
resDectively, were estimated in the river along the shoreline. With 
cr+6 concentration of 12,000 ppb and 4000 ppb in the groundwater 
plume, concentrations along the river shoreline were 0.41 ppb and 0.14 
ppb, respectively. 

It should be noted that a degree of conservatism is built into thi's 
simple model with the high concentrations of 003 - and cr+6 in 
the groundwater entering the river. Once the polluted groundwater 
plume has travelled the 600 feet to the river, it should be much more 
dilute than the concentrations detected in well 199-H4-3. 

Taking the model one step further, the dilution of the leakage from 
the basin relative to the entire river can be calculated. To do this, 
the concentrations calculated to be in the parcel of water along the 
shoreline (170,000 gal} were diluted in the lowest average monthly 
river flow that occurred in CY-1981 (83,100 cfs, which equals 621,600 
ga 1 /sec}. 

The river concentrations of N03 - and Cr+6 which result from 
these calculations are included in Table 5.2. 
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Table 5.2. N03 - and.-Cr+6 concentrations calculated to be in 
the Columbia River from 183-H Basin Leak age. 

Groundwater Shore 1 ine River 
Pollutant Concentrat ion Concentration ·concentration 

N03 - 8,400 ppm 0.29 ppm 1.3 X 10-3 ppm 
00 - 3,000 ppm 0.10 ppm 4.6 X 10-4 ppm 
Cr~6 12,000 ppb 0.41 ppb 1.9 X 10-3 ppb 
cr+6 4,000 ppb 0.14 ppb 6.4 X 10-4 ppb 

The calculations in Table 5.2 indicate the leakage from the basin 
has had no effect on the water quality of the Columbia River. The 
calculated river concentrations are insignificant compared to the 
concentrations observed in the river {sect"ion 5.3) and are most 
likely below PNL detection levels. 

5.2 Environmental Effects on Fish near 100-H Area 

Of the salmonid fish spec ies that live in the Columb i a River, only 
steelhead trout and the fall race of chinook salmon spawn in the 
Hanford Reach of the river. Steelhead spawn from February through 
May at Hanford. The time of emergence of steelhead fry from the 
redds is not well known. 

The fall race of chinook salmon have several well known spawning 
areas in the Hanford Reach of the Columbia River, which are depicted 
in Figure 5.2. Ch inook salmon spawn from September through 
mid-Novembe.r at Hanford. Fry typi ca,, ,., begin emergence from redds 
in March. 

As can be seen in Figure 5.2, there are several chinook salmon 
spawning areas near 100-H Area. Although spawning areas may be near 
the area where polluted groundwater is entering the river, no 
adverse effects on egg or juvenile salmonid survival should be 
occurring. Even if the estimates made in the model in the previous 
section are off by an order of magnitude or more, the 003 -
concentrations, and especially the cr+6 concentrations, should be 
well below concentration levels which other authors have found to 
cause adverse effects. 

Adult salmonids and other fish species are much more tolerant of 
N03 - and cr+6 concentrat ions than the early life stages. No 
adverse effects should occur to adult fish from the 183-H basin 
leakage entering the Columbia River. 
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WUOOCD ISLAND 
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Figure 5.2. Major Fall Chinook Salmon Spawning Areas in the Hanford Reach of the Columbia River 
(fr011 Watson. 1976) . 

5.3 Nitrate and Chromium Concentrations Observed in the Columbia River 

As part of the PNL Environmental Surveillance Program, water samples 
taken at the Vernita Bridge (upstream of 100-H Area} and at Richland 
(downstream of 100-H Area) have been analyzed for 003 -
concentrations, and during 1981 the samples were also anal_yzed for 
total chromium concentrations. As can be seen in Table 5.3, leakage 
from the 183-H Solar Evaporation Basin has had no effect on the 
nitrate and chromium concentrations in the Columbia River. 
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Table 5.3 Nitrate and Chromium Concentrations in the Columbia 
River (taken from th.e annual PNL Env ironmental 
Surveillance Reports). 

003 - Concentrations (ppm) 

Vernita Bridge Richland 

Year Max Avg. Max. &9-
1981 0.53 0.19 + 0.03 0.60 0.19 + 0.04 
1980 0.71 0. 26 + 0.15 0.64 0.25 + 0.14 
1979 4.4 0.38 + 1.2 0.80 · 0.35 + 0.41 
1978 0.82 0.29 1.4 0.33 
1977 0.43 0.25 0.74 0.25 

Chromium, total (ppb) 

1981 20 8.0 + 7.5 20 8.0 + 7.5 

Environmental Imeact of Leakage from 183-H Basin 

From the previous discussion it can be seen that any environmental 
impact from the leakage of the 183-H Solar Evaporation Basin is very 
low or negligible, and probably undetectable. 

The main reasons for this negligible impact include the dilution of 
pollutants in the groundwater and the river, the low concentrations 
of pollutants in the river along the shoreline, and the tolerance of 
these low 003 - and Cr+6 concentrations by aquatic biota. In 
addition, the isolation of 100-H Area and the isolation of the 
groundwater at 100-H Area from the general public aid in preventing 
the leakage from the basin from contaminating any public water 
supplies. There are no drinking water wells in use at or near 100-H 
Area. 

It should also be noted that the routine chemical wastes generated 
by FPD were disposed of to ground disposal trenches (without liners) 
in the 300 Area before the 183-H basins were put into use. The 300 
Area is much closer to the City of Richland and its river intake for 
their drinking water supply than 100-H Area. Detrimental effects to 
Richland's drinking water supply were not observed during the time 
the routine wastes were discharged to ground. 

Nonetheless, two followup items to this report will be pursued to 
further assess the impact of the leakage from the 183-H basin. 
First, additional groundwater wells are planned for installation at 
100-H Area. Once the wells are in place, PNL will" be contacted to 
complete a computer model of the groundwater at 100-H area and 
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develop estimates similar to those presented in the model in Section 
5.1. This computer model should be a significant improvement over 
the simple model presented in this report. 

Secondly, river water samples will be collected along the shoreline 
at 100-H Area and analyzed for 003 - and cr+6 concentrations. 
Samples will be collected in October or November which will allow a 
few months for the groundwater in the area to be moving towards the 
river due to the low river elevations. 
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