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RADIONUCLIDE CONCENTRATIONS IN RESERVOIRS, STREAMS AND
DOMESTIC WATERS NEAR THE ROCKY FLATS INSTALLATION

SUMMARY

A study of the radionuclide concentrations and distributions 1n surface
waters and sediments of Great Western Reservoir (and the streams feeding 1t),
1n Standley Lake, and in domestic tap waters from the cities of Broomfield and
Westminster was conducted between April 29 and May 3, 1974 The results of
this study show that 239-240py and 241Am concentrations 1in the waters and sedi-
ments of Great Western Reservoir, the streams feeding 1t, and 1n Standley Lake
were above the fallout background Plutonium-239-240 and 2“lAm concentrations
were below detection 1imits 1n Westminster tap water (<0.001 dpm/%), but
Broomfield tap water contained measurable but minute quantities of 233-240py
(0 0026 + 0 003) and 241Am (0 006 + 0 003 dpm/2) These concentrations are
orders of magnitude below previously reported values published by other inves-
tigators The 239-240py concentration 1n Broomfield tap water 1s 1 5 m1lion
times below the Concentration Guide for 23%-240py 31n waters applicable to expo-
sure of the general public (3700 dpm/2), and 13,380 times lower than the EPA
National Primary Drinking Water Regulation of 33 dpm/% for total long-lived
alpha particle activity (exclusive of radon and uranium) Such low levels of
transuranic activity should pose no health hazard to area residents

The concentrations of 23%-240py 1n syrface sediments (top 5 cm) 1n Great
10R { -~ "o

Western Reservoir ranged from 0 45 to 13 4 dﬁ%g{f and averaged 7 8 dpm/g ;5/)(/0/}‘
The 241Am ranged from 0 17 to 3 75 dpm/g, and averaged 1 9 dpm/g The depth
distribution of both 239-240py and 241Am 1n age-dated sediment cores (using)
137¢s) from Great Western Reservoir showed two periods of plutonium deposition
Highest deposition corresponds to a deposition period of 1968 to 1969  The
secondary maximum occurred between 1959 and 1964 Both maxima are thought to
be primarily associated with recorded controlled waterborne releases from the
plant but the secondary maximum will also have a component from worldwide
weapons-testing fallout

Total 1nventories of 23°-240py and 24!Am 1n the sediments of Great Western
Reservolr are estimated to be 244 mCi and 73 mCi, respectively Most of this
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activity 1s Tocated in the deep sediment deposits at the eastern end of the
reservoir

In Standley Lake, the 239-240py and 2%1Am concentrations averaged about
16 times lower than those 1n Great Western Reservoir Because of 1ts greater
area, however, the estimated Standley Lake sediment inventories of transuranics
are a factor of only four less than those i1n Great Western Reservoir, 1 e ,
61 mC1 and 18 mC1, respectively, of 239-240py and 2%!Am

The 137Cs concentrations 1n Great Western Reservoir and Standley Lake
sediments are typical of the fallout background of !37Cs observed 1n sediments
from numerous waterways 1n the United States

The naturally occurring 225Ra 1n surface and domestic waters near the
Rocky Flats area represents a much greater relative contribution to the public
radiation exposure than do the traces of plutonium The measured activity of
226Ra 1s 100 to 1000 times that of 239-240py, and 1ts MPC as soluble material
1s 167 times less than 239Pu  Also, 226Ra tends to be more soluble than

plutonium and passes through the water treatment plants more efficiently than
239-240py
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INTRODUCTION

The presence of plutonium i1n so1ls near the Rocky Flats plant has been
well documented (1, 2, 3, 4) However, 11ttle data are available which
describe the plutonium distribution in the surface waters and sediments 1n the
Rocky Flats vicinity A study was conducted between April 29 to May 3, 1974,
to determine the radionuclide input to Great Western Reservoir (GWR) and Stand-
ley Lake (SL) during the operation of the Rocky Flats plant It was proposed
that this study measure the concentrations of Pu, Am and other radionuclides
1n waters and sediments of these reservoirs, their inlets, and associated water
treatment plants to determine (1) the quantity and origin of radiocactivity
1n the Great Western Reservoir and Standley Lake systems, (2) when the accumu-
lation of radioactivity had occurred, and (3) to what degree the radiocactivity
had moved through the aqueous environs.

SAMPLING METHODS

Samples of water and sediments were collected in May of 1974 A large
volume water sampler was used to collect samples from inlet streams to Great
Western Reservoir (see Figure 1, Table 1) Sampling sites were located at the
A-3 pond, B-4 pond, and the landfi1l pond which drain 1into Walnut Creek, South
Walnut Creek and North Walnut Creek, respectively Sampling was also conducted
on Walnut Creek at the Indiana Street culvert In addition, Great Western
Reservoir and Standley Lake waters and sanitary waters from the water treat-
ment plants for the cities of Broomfield and Westminster were sampled The
water sampler used 1n this study passes water through ten parallel filters
(pore si1ze equivalent to 0 5 um) followed by passage through anion, cation and
aluminum oxide sorption beds This sampling technique has several distinct
advantages over conventional grab sampling methods 1) 1t allows for sampiing
extremely large volumes of water (up to 2000 Titers) which greatly enhances
the sensitivity for measuring ultratrace quantities of radionuclides, 2) 1t
assures the removal of essentially all chemical forms of the radionuclides
which are present in the waterways, and 3) 1t permits the determination of the
particulate (1 e , the greater than 0 5 um fraction), anionic (or negatively
charged species), cationic (or positively charged species), and nonionic




fractions (or uncharged species of the various radionuclides 1n the water)
This characterization 1s very important in understanding the behavior, fate
and availability of radionuclides in the aquatic environment Anionic forms
of radionuclides are much more mobile 1n aquatic environs compared to cationic
forms of the same radionuclides Anionic forms also are more difficult to
remove 1n water treatment plants

Depending upon the turbidity of the water, up to 2000 liters of water
were processed Standley Lake, Great Western Reservoir, and especially the
creeks which drain 1nto Great Western Reservoir, contained appreciable sus-
pended Toads, and plugging of the filters Timted the volume of water which
could be pumped through the samplers

Sediment samples were collected from Great Western Reservoir, Standley
Lake, and from a sedimentation bank consisting of deposits of filter-backwash
material from the Broomfield water treatment plant (see Figures 2-4, Table 2).
Surface sediments were collected from a boat using a 12-inch by 12-1inch Wildro-
Eckman (Wildlife Supply Company, Saginaw, Michigan) dredge and using the top
2 inches of sediment for analyses Core samples were obtained using PNL's
6-1nch diameter gravity coring device which 1s capable of sampling sediments
to depths of 24 inches Core sampies were 1mmediately frozen to prevent mixing
of the sediments or migration of the radiocactivity, and to thus enhance the
integrity of the core The cores were subsequently sectioned 1nto 2-inch thick
slices to determine depth profiles for the various radionuclides

ANALYTICAL METHODS

Sampies of filters, 1on exchange resins, sediments, and water were packaged
in a standard geometry configuration and the gamma-ray emitting radionuclides
were determined by measuring 1n a Ge(L1)-NaI(T1) coincidence-anticoincidence
gamma-ray spectrometer This high-sensitivity gamma-ray spectrometer stores
coincident and single events 1n separate halves of the memory The NaI(T1)
well crystal 1n which the Ge(L1) detector 1s inserted will accept environmental
sample s1zes up to 1 1 11ter volume

The concentration of the separated plutonium radionuclides was measured
by aipha energy analysis Environmental samples were spiked with 242Pu tracer
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and dried The samples were then leached with a HNO,-HC1 solution The resi-
due was dried and fused with Na,C0, The fused salts were dissolved 1n acid
and combined with the acid leachate. The combined solution was converted to
8M HNO; and the plutonium adsorbed on a Dowex 1, 50-100 mesh NO;~ form anton
exchange column The plutonium was eluted by reducing to Put3 with an HC1-HI
acid mixture Nitric acid was added to the eluate and evaporated to dryness
The residue was dissolved 1n nitric acid, the plutonium oxidized in Pu** with
NO,- and evaporated to dryness The residue was dissolved 1n hydrochloric
ac1d and passed through a Dowex 1, 50-100 mesh, C1~ form anion resin column
Plutonium was eluted by reducing to Pu*3 with a HC1-HI mixture The eluate
was evaporated to dryness, dissolved 1n sulfuric acid and electroplated The
radiochemical yield was determined by the recovery of 242Py tracer

The concentration of 24%1Am 1n sediments and water samples was determined
by using the described anticoincidence shielded Ge(L1) diode This instrument
lowers the background and Compton interference by an order of magnitude as com-
pared to conventional Ge(L1) diodes of the same size Much lower detection
Tevels could have been attained by chemical separation of the 241Am followed
by alpha energy analysis, but the cost of such analyses was prohibitive

ANALYTICAL RESULTS

The radionuclide measurements from water samples associated with the
drainage systems of Great Western Reservoir are shown in Tables 5 through 13
and consist of samples taken from A-3 pond, B-4 pond, a landfi11l pond, the
inlet to Great Western Reservoir (Walnut Creek), Great Western Reservoir (near
dam site), and sanitary water from the Broomfield water treatment plant The
radionuclide measurements 1n surface sediments and core samples collected 1n
Great Western Reservoir are shown in Tables 14 through 32 and consist of sam-
ples taken at Great Western Reservoir and at the Broomfield water treatment
plant filter-backwash pond The radionuclide measurements from surface sedi-
ments and core samples from Standley Lake are shown 1n Tables 33 through 36
Water samples associated with Standley Lake are shown 1n Tables 37 and 38 and
consist of samples taken at Standley Lake near the dam site and Westminster
water treatment plant Summaries of radionuclide concentrations in surface
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waters normalized to !37Cs concentrations are shown 1n Table 3, and compari-
sons of our 2397240py and 2%1Am with previously reported data are shown 1n
Table 4

DISCUSSION

Surface Waters

Radionuclide concentrations in surface waters which drain through the
Rocky Flats area were extremely low, and frequently near detection 1imits
This sampling was conducted during a period 1n which fallout from nuclear
weapons testingreached 1ts lTowest point since the early 1960's Nevertheless,
ultratrace quantities of a number of fission products and transuranic radio-
nuclides were detectable 1n surface waters and in Broomfield city tap water
(see Tables 5-13 and Tables 37 and 39) However, there 15 no evidence that
these fission products originated from the Rocky Flats Plant, since their
relative concentrations are i1ndistinguishable from fallout.

The drinking waters of the cities of Broomfield (derives water from Great
Western Reservoir) and Westminster (derives water from Standley Lake) were
analyzed to determine 1f Pu and Am were present No 239-240py (<0.0003 dpm/%)
or 2%1Am (<0 1 dpm/%) could be detected 1n Westminster tap water Ultra-trace
amounts of 239-240py were detectable 1n Broomfield tap water, 0 0022 dpm/s
being 1n a soluble species and 0.00029 dpm/2 being 1n a particulate form
Americium-241 concentrations were detectable only in the particulate phase, at
a concentration of 0 007 dpm/2. The 23°-2%0py concentrations 1n Broomfield
tap water are 500 times lower than that reported in Radiation Data Reports(])
for the 1971 yearly average, and are 15 times lower than measurements made
in 1969-70 by Poet and Marte11(3) (see Table 4) Also 1n Radiation Data
Reports,(]) a 239-240py concentration of 0 89 dpm/% was reported as a yearly
average for Westminster tap water. The value reported 1n RDR 1s about 3000
times higher than the "less than" concentrations measured 1n this study The
sampling and analyses methods were not described i1n the studies reported 1n
rRor{1) and Poet and Martell,(3) S0 no comparison can be made with the
methods described here  However, 1600 l1iters and 2000 liters, respectively,
of Broomfield and Westminster tap waters were sampled 1n this study The




particulate and soluble forms of 239-240Py (and other radionuclides) were
removed and concentrated on filters, resins and activated aluminum oxide
adsorbents during the sampling process, so handling, storage and contamination
problems were greatly minimized It 1s felt that the extreme sensitivity and
care afforded by this large-volume sampling technique have provided the most
accurate ultratrace measurements of 239-240py ever made in these tap waters

The 23%3-240py concentrations which were measured in Broomfield tap water
(0 0025 dpm/2 total 239-240py) and Westminster tap water (<0.0003 dpm/% total
239-240py) were 1 5 x 106 and 1.2 x 107 times, respectively, below the max-
mmum permissible concentration i1n waters applicable to exposure of the gen-
eral public, which 1s 3667 dpm/e (3) These concentrations are also 13,300
and 110,000 times lower, respectively, then the EPA National Interim Primary
Drinking Water Regulations for total long-lived alpha activity (exclusive of
radon and uranium) which 1s 33 dpm/2 (10) Whereas the RDR(]) report showed
that Standley Lake water and Westminster tap water contained about the same
233-240py concentrations, the data here show that at least a 10-fold reduction
of the 239-240py Jevels occurs during the water treatment process This 1s
accomplished primarily by removal of the particulate forms of 239-240py

The sampling method used 1n this study partitions the radionuclides into
particulate, cationic, anionic and nonionic chemical forms Such information
on the chemical forms 1s useful 1n assessing the environmental behavior and
fate of radionuclides 1n aquatic environments Plutonium-239-240 1n Standley
Lake appears to be predominantly associated with the particulate matter The
majority of the 239-240py 1n Broomfield tap water 1s 1n a soluble anionic
form The 7Be, 95Zr-95Nb, 1%1Ce, 1“*Ce and 241Am were usually associated
with the suspended particulates, whereas the 40K, 103-106Ry, !24Sh and 226Ra
were predominantly present as soluble species The soluble 103-106Ry shows a
unique behavior, being present i1n anionic, cationic and nonionic forms. The
chemistry of ruthenium i1s complex, and numerous chemical forms are known to
simultaneously exist 1n natural waters During the water treatment process at
the Broomfield and Westminster water works the cationic !06Ru 1s efficiently
removed, but the anionic 196Ru 1s only slightly reduced 1n concentration It
1s 1nteresting to note that about 60% of the filterable Pu 1n Broomfield tap
water was collected by the anion resin




In some of the surface waters, a small fraction (5-30%) of the “0K and/or
137Cs was collected by either the anion resin or Al,0;, and 1n the Broomfield
tap water as much as 69% of the !37Cs was collected on the A1,0, The most
plausible explanation for this anomaly could be the presence of negatively
charged colloids which contain adsorbed radioactivity, and which may have a
high affinity for the anion resin or activated aluminum oxide

Sediments

Great Western Reservolr

Great Western Reservoir sampling locations are shown in Figure 2 The
perimeter of the reservoir, except for the deep eastern end, appears to be
rather well scoured of fine-grain sediments The near-shoreline stations B-5,
D-1, D-2, D-5 and E-4 were characterized by gravel or partial rock bottoms
and no sediment cores could be obtained at these locations The bottom of the
western half of the reservoir, and also near the center, contained a layer of
flocculent sediments several inches thick which overlay a hard, compact clay
layer, believed to be the original bottom of the reservoir The compact clay
bottoms of these cores had undetectable amounts of !37Cs, which suggests pene-
tration of the coring device 1nto the original clay bottom where no fallout
137Cs had reached (see Tables 26 and 28) In the deep eastern end of the
reservoir, at Stations A-2, A-3 and B-3, up to 16-22 inches of fine-textured,
soft sediments overlay the compact clay bottom layer At these locations cores
of 20 to 24 inches 1in length were collected, the bottom several inches con-
taining the original hard clay bottom of the reservoir. The low !37Cs concen-
trations 1n the compact clay bottom of these cores indicate that penetration
through the sediments deposited since the dam was constructed i1n 1955 was
achieved. Based on these observations and using 137Cs to age date the deep
cores, sedimentation rates for various locations 1n the reservoir could be
estimated and are shown 1n Figure 9 Sedimentation rates in the eastern end
of the reservoir appear to range from about O 82 to 1 45 incher per year, and
1n the center of the reservoir range from about 0 1 to O 46 inches per year
Sedimentation rates around the perimeter of the reservoir appear to be less
than 0 1 1nches per year
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The distribution of 0K, 137Cs, 226Ra and 241Am 1n surface sediments
of the reservoir are shown in Figures 5 to 8 The concentrations of 137Cs,
226Ra and 241Am are two- to threefold higher 1n the sediments located in the
center of the reservoir compared to the sediments accumulating around the
perimeter of the reservoir This may be due to erosion of the edges of the
reservoir, resulting 1n a dilution of the contaminated sediments by the 1nput
of relatively uncontaminated clay so11 The 137Cs concentrations 1n the
reservoir sediments are typical of the fallout background levels observed at
other locations 1n the United States (5, 6,7, 8)

It should be pointed out that the radionuclide concentrations in the sur-
face grab samples do not exactly correspond with the concentrations measured in
the top 2 i1nches of the gravity cores, especially at stations along Transect A
We believe that this 1s due to small differences 1n distance (tens of feet)
between the actual locations where the grabs and core samples were taken The
reservolr bank at the eastern end 1s steep So that deep gravity cores along
the side of this bank could be obtained, 1t was necessary to back off toward
the center of the reservoir several tens of feet It was subsequently found
from the sediment data that radionucliide concentrations decrease 1n the near-
shore sediments compared to those i1n the middle of the reservoir, and 1t 1s
believed that this 1s the reason for the observed differences between surface
grabs and the tops of the gravity cores

A comparison of the 239-240py and 241Am data 1n this report with earlier
studies reported in Radiation Data Reports(1) and by Poet and Marte]1(3)
shown 1n Table 4 The average 239-240py concentrations 1n surface sediments
measured here were 3 2 and 25 times higher, respectively, than that reported
an ROR(1) and by Poet and Marte]],(3) while the average 2“1Am concentrations
are 30 times higher than that reported by Poet and Martell (3) Since the
distribution of radioactivity in the reservoir shows low levels near the shore-
11ne, the samples analyzed in the RDR report and by Poet and Martell may have
been obtained near the shore Such samples do not give a representative pic-
ture of the areal and depth distribution of radionuclides in the reservoir

18

In Figure 10 the depth distribution of the 137Cs 1n several cores 1s
plotted It has been demonstrated by other investigators (5, 6, 7, 8) that




137Cs can be used to age date certain types of sediment cores, and that the sub-
surface maxima are due to abnormally high levels of fallout 137Cs which had

been deposited 1n 1963 Cesium-137 becomes strongly attached to sediment par-
ticles and becomes a tracer of sediment deposition Post-depositional diffu-
sion or chemical exchange of the attached 137Cs has been shown to be practically
negligible Thus, !37Cs can be used to age data sediment cores 1f the sedi-
mentation rate 1s fairly constant and of the appropriate magnitude to be
compatible with the 30-year half-1i1fe of 137Cs  These conditions appear to be
optimum for Great Western Reservoir, and the 137Cs depth profile 1n Figure 10
can be age dated with the 137Cs maxima corresponding to sediments laid down

n 1963

The distribution of 239-240py 1n the A-2 core 1s shown 1n Figure 11, with
the age vs depth scale on the right margin Two subsurface maxima 1n the
239-240py depth distribution may be 1dentified The larger 239-240py maxima
occurs at a depth of 6 1nches, and corresponds to sediments deposited between
1968 and 1969 The smaller maxima occurs at a depth of 16 inches, and
corresponds to sediments deposited around 1959

A similar dating procedure may be done for the 2%1Am distribution observed
1n the A-2, A-3, and B-3 cores (cf Tables 20, 21, 22, 23, 25, and 26) because
of the relative constancy of the plutonium to americium ratio (Pu/Am = 3 3 &

79 1n the A-2 core) This analysis likewise indicates a primary maximum
in the 1968 to 1969 period but shows the secondary peaks to range from 1959
to 1964

These transuranic sediment distributions in Great Western Reservoir are
thought to be primarily associated with controlled, recorded waterborne re-
leases from the plant but the secondary (early 1960's) maximum w11l also have
a component from worldwide weapons testing (9)

The amount of 239-240py jncorporated in Great Western Reservoir sedi-
ments 1n excess of that derived from fallout can be estimated by dividing the
rat1o0 of 239-240py/137Cs 1n the sediments by the 239-240py/137Cs ratio 1n
fallout The 239-240py/137Cs ratio 1n fallout has been reasonably constant
at about 0 01 since the early 1960's The 239-240py/137Cs ratios in Sacramento,
California soils (top cm) and 1n Columbia River sediment cores upstream from
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the Hanford project were 0.013 and 0 012, respectively, and are thus not much
different than the fallout ratio The average 239-240py/137Cs ratio 1n
surface sediments of Great Western Reservoir was 2 75. Thus, the apparent
plutonium contribution to the surface sediments from Rocky Flats averaged
about 275 times that contributed from fallout The apparent Rocky Flats
plutonium contribution relative to that derived from fallout i1n the subsur-
face sediments 1n the A-2 core ranged from about 260 at the surface to 80 at
a depth of 12 1inches

The inventory of 239-240py jn Great Western Reservoir sediments can be
estimated as follows the reservoir can be divided into three zones of pluto-
nium activity and sediment thickness (see Figures 12 and 13) Zone A 1s the
deepest layer of sediments (40 to 50 cm) containing the highest plutonium activ-
1ty, and 1s located at the eastern end of the reservoir Zone B 1s a region
approximately 3 times larger 1n area than Zone A and of intermediate sediment
thickness (estimated to average about 20 cm deep) and plutonium activity, and
extends to the west from Zone A The average 239-240Ppy activity in Zone B
was estimated to be about 5 dpm/g, and was obtained by using a slightly lower
plutonium concentration than the average surface value, which was 6 dpm/g
This reasoning was used since the average 239-240py concentration in Core A-2
(0-50 cm) was 75% lower than the surface plutonium concentration in the core
Only surface plutonium concentrations were measured in Zone B Zone C 1s the
remaining area of the reservoir which 1s characterized by a thin deposit of
sediments (estimated to average about 5 cm deep) of relatively low activity
The average plutonium activity in this area 1s the most difficult to estimate,
since only one 239-240py measurement was made Since the 137Cs and 241Am
concentrations in the sediments from the shallow areas represented by Zone C
are 1/3 to 1/2 of the concentrations 1n the center and east end of the reser-
voir, a plutonium concentration of about 1/3 to 1/2 of the maximum surface
concentrations 1n the east end was estimated and 3 dpm/g was used A tabu-
lation using these considerations may then be made




Est Avg 239-240py Avg
Surface Sediment Sediment Sediment Activit
Area (m2) Depth (m) Vol (cm3) Wt (q)* (dpm/g
Zone A 45,000 05 2 3 x 104V 32 x 1010 9
Zone B 120,000 0.2 2.4 x 1010 34 x 1010 5
Zone C 400,000 0 05 2.0 x 1010 2 8 x 1010 3
*Assuming a bulk density of 1.4 g/cm3 for the sediments This 1s a

typical value for fine grained lake and river sediments

Upon multiplying the sediment masses (g) by the average 239-240py concentra-
tions 1n each zone, these three sediment zones contain the following estimated
1nventories of 239-240py

dpm mCt

Zone A 29 x 1010 131
Zone B 17 x 1010 77
Zone C 8 x 1010 36
Total 54 x 1010 244

Thus, a total of approximately 244 mC1 (or 3 9 g) of 239-240py 15 present

in the reservoir sediments Over 50% of this 1nventory 1s located 1n the deep
sediment deposits at the east end of the reservoir which represent only about
8% of the total surface area of the reservoir

The average 241Am/239-240Py ratio 1n surface and subsurface sediments
1s about 0 30 Thus, an 241Am 1nventory of about (244 mC1)(0 30) = 73 mC1
1s also present in the reservoir

Two 18-1nch sediment cores were collected from a sedimentation bank con-
s1sting of deposits of filter-backwash material (alum floc) from the Broomfield
water treatment plant (see Table 2 and Figure 4) The radionuclide analyses
of these cores (see Tables 2, 31, 32, and Figure 4) showed 137Cs and 241Am
concentrations which were typical of the surface sediments 1n Great Western
Reservoir The 239-240py concentration 1n these cores, based on extrapola-
tions from the 2%1Am/239-240py rat1io 1n the reservoir sediments, was esti-
mated to average 4 5 dpm/g This sedimentary material appeared to consist
primarily of processed alum floc Since the radionuclide concentrations 1n
this material were similar to those observed in surface sediments of the

10




reservoir, 1t would indicate that scavenging by the alum floc of soluble forms
or very small suspended particles (containing relatively high concentrations
of adsorbed radionuclides) was occurring during the water treatment process

Standley Lake

Although Standley Lake 1s about four times larger than Great Western
Reservoir, the sedimentation characteristics of the two water bodies appear to
be quite similar The area of high sedimentation in Standley Lake 1s located
1n the deep water at the eastern end of the lake adjacent to the dam At this
location (SL-5G) a 17-1nch long gravity core was obtained which showed a
137Cs depth distribution quite similar to those observed at stations A-2,

A-3 and B-3 at Great Western Reservoir A sedimentation rate of about 1 0

inches/year was estimated for this area of relatively fast sediment deposition.

The western 2/3 of the lake has a sediment bottom characterized by a 1- to
6-1nch layer of flocculent sediments which overlay a layer of hard, compact
clay which appears to be the original lake bottom

The average 239-240py concentation 1n Standley Lake surface sediments
was O 49 dpm/g, which 1s about 16 times lower than 1n Great Western Reservoir
(see Table 3) The 241Am concentrations were near the detection 1imit of the
direct counting method used, but an average concentration of 0 28 + 14 dpm/g
was measured 1n four samples. Based on the relative sizes and radionuclide
contents of Standley Lake and Great Western Reservoir, 1t 1s estimated that
the 239-240py and 241Am 1nventories 1n Standley Lake are about 1/4 of those
1n Great Western Reservoir, or about 61 mC1 of 239-240py and 18 mC1 of 241Am

11




REFERENCES

Anonymous, Radiation Data Reports 15, 281-296, May, 1974

Krey, P W and E. P. Hardy, HASL-235, U S Atomic Energy Commission
Health and Safety Laboratory, New York, August 1, 1970

Poet, S E and E A Martell, Health Phys 23, 537-548, October, 1972

Krey, P. W , Health Phys. 30, 209-214, February, 1976

Pennington, W , R S Cambray and E M Fisher, Nature 242, 324-326,
March 30, 1973

Ritchie, J. C , J R. McHenry and A. C G111, Limnol OQceanog 18,
254-263, March 1973

McHenry, J R , Water Res Bull 10, 329-337, April, 1974

Robbins, J A and D N Edgington, Geochem Cosmochem Acta, 39, 285,
1975

Koide, M , E 0 Goldberg, M. M Herron and C C. Langway, Jr , Nature
269, 137-139, September, 1977

12




Location

Westminster City
Water Supply

Standley Lake

Broomfield City
Water Supply

Great Western
Reservoir

Walnut Creek &
Inlet to GWR

B-4 Pond
A-3 Pond
North Walnut Creek

Below Rocky Flats
Landfill

Table 1

LARGE VOLUME WATER SAMPLES

Date

4-29-74

4-29-74

4-30~-74

4-30-74

4-30-74

4-30-74
5-01-74
5-01-74

Volume Sampled

(liters)

13

2006

710

1665; 1514

297, 212

70.8, 58.3

153
97.4
136

No. of
Samples




Table 2

SEDIMENT CORES

Great Western Reservoir and Standley Lake

Core Length

Station (1nches)
A-1 8
A-2 24
A-3 20
A-4 6
B-3 20
Cc-2
C-3 6
Cc-4 10
E-4 6

*HC-1 18

*HC=-2 18

**SL-5 20

*Broomfield Water Treatment Plant Effluent
Basin

**Standley Lake

14
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