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ABSTRACT 

Eight single-pass and one closed loop plutonium production reactor(s) originally 

operated on the Columbia River.  During the 26 years of single-pass reactor 

operations, small amounts of radioactive particles were released in liquid discharges 

to the Columbia River and were deposited in sediment and cobble along the shoreline 

and on islands in the river.   Islands located adjacent to D island and immediately 

downstream of D island had the greatest density of particles.   In 1979, the small 

particles contained between 63 to 890 kBq of cobalt-60 activity.  Dose rates 

emanating from those particles ranged from 1 to 14 µGy/h.  Because of the short half-

life of cobalt-60 (5.3 y), the hot particle problem at Hanford has taken care of itself 

through radiological decay. Some scientists have proposed that it is economically and 

environmentally advantageous to manage isolated low level contaminated sites with 

institutional controls until the activity decays and the sites can be released rather then 

to pursue expensive clean-up options. 

 

 

1.  Introduction 

The Hanford Site was originally established in 1943 as part of the World War II Manhattan 

Project to produce plutonium for nuclear weapons.  During the Site’s early history, eight single-

pass reactors employing once-through coolant were constructed along the “Hanford Reach” of the 

Columbia River.  Starting with 100-B reactor in 1944, 8 single-pass reactors were built 

culminating in the construction of the 100-K East and 100-K West reactors in 1955 (Fig 1). 

Single-pass reactors discharged radioactive liquid coolant directly to the Columbia River from 

1944 until their ultimate closure starting in 1965 and ending in January 1971 (1).  In 1963, the 

ninth plutonium production reactor (100-N) was completed at Hanford. The 100-N reactor had a 

dual purpose to produce plutonium and provide steam for electrical power production.  Unlike the 

single-pass reactor designs, 100-N reactor was designed with a primary closed cooling loop that 

eliminated the direct discharge of irradiated cooling water to the Columbia River.  The 100-N-

reactor last operated in 1986.   

 

For the single-pass reactors, liquid discharges to the river occurred predominantly from discharge 

pipes and secondarily via outfall structures.  The outfalls were used when the discharge pipes 

could not handle the volume of discharge. During the late 1950s and through the 1960s, the 

power levels of the production reactors were increased requiring greater amounts of cooling 

water, and consequently, greater utilization of the outfall structures. The single-pass reactors had 

single-pass discharge systems plumbed to retention basins.  The retention basins held reactor 

coolant to allow for decay of short half-life radionuclides and dissipation of heat before release to 

the Columbia River.  Effluent discharged via the pipelines entered the river at mid-channel; 

effluent released via the outfalls was released along the river shoreline.  Radiation levels  



 
Fig. 1.  Hanford Site showing the major reactor areas (designated with a 100- prefix) and 

Columbia River. 

 

decreased appreciably by the time the discharged effluent reach the downstream borders of the 

Hanford Site because of dilution and decay of the dominating short-lived radionuclides.   

 

The single-pass reactor operations at Hanford resulted in large releases of radionuclides to the 

Columbia River for over 26 years from 1944 through 1971.  During that time, released long-

livedradionuclides accumulated in areas of increased sediment deposition along the Hanford 

Reach from B reactor to 40 miles downstream into the McNary Dam pool.  During operations, the 

radiological releases consisted of manganese-54, scandium-46, zinc-65, chromium-51, arsenic-

76, and neptunium-239.  After closure of the single-pass reactors, the shorter half-lived 

radionuclides decayed leaving behind those with moderate to long half lives.  Surveillance along 



the river has also found radioactive particles consisting primarily of cobalt-60.  The Hanford 

releases are presented in the context of legacy waste issues as plutonium production at Hanford 

formally ceased in 1990 and the site’s current mission is decontamination and decommissioning 

of facilities, and environmental restoration.  Historically, the site was operated to minimize 

exposure under as low as reasonably achievable (ALARA) guidelines, however, in the early 

years, effluent levels of radioactive materials were much greater than what would be allowed 

today.  At those times, the management of releases was balanced against technology, monitored 

offsite dose, and costs.  The current annual cost for clean up at Hanford is huge, on the order of 2 

billion dollars a year (2).  Optimization, as defined by ICRP (3), entails consideration of social 

and economic cost in consideration of ALARA.  Optimization is applicable to addressing the 

issue of hot particles in the Columbia River.  The objectives of this paper are to 1) review the 

history and implications of hot particles released to the Columbia River, 2) to address related 

restoration and stakeholder concerns, and 3) briefly address the concept of optimization as it may 

apply to clean up of hot particles. 

 

2.  Background – History and Implications 

 

The first survey that reported the presence of hot particles in the Hanford Reach of the Columbia 

River occurred in 1966 (4).   This survey was conducted while 5 of the 8 single-pass reactors 

were still in operation.  The highest levels of contamination were found on D Island and other 

islands located immediately downstream of the 100-D Area.  Readings ranged up to 12,000 c/m 

with a Geiger Mueller instrument, where as background count rates were 100 c/m.  Four discrete 

particles were found. Two on or downstream of D Island had 25,000 and 78,000 c/m.  One 

particle found about two hundred yards upstream of 100-D Area had 20,000 c/m and a particle 

found a quarter mile downstream of K area had 13,000 c/m.  No attempt was made to identify the 

isotopes associated with the particles; however the gamma emitting radionuclides identified 

during the external radiation surveys included zinc-65, manganese-56,-54, and chromium-51 

along with other short half-life activation products.  If cobalt-60 was present, it was at very low 

concentrations compared to the other activation products.  Elevated dose rate estimates were 

highest at D Island (2.1 nGy/s, excludes areas around vents on discharge pipes) and downstream 

of 100-K Area (0.89 nGy/s). 

 

Other surveys in 1973 indicate that the greatest areas of river shoreline contamination occurred 

along the White Bluffs slough area, the Hanford town site peninsula, and Island 344 located near 

the 300 Area (5).  The presence of elevated levels of radiation and discrete radioactive particles 

along the shorelines downstream of the Hanford reactors were first reported in a publicly 

available report in 1973 (6).  These particles were initially found at depths of 2-10 cm in mud 

deposits and contained exclusively Co-60.  In comparison, gamma emitting radionuclides were 

uniformly distributed in the sediment and consisted of cobalt-60, manganese-54, zinc-65, 

europium-152,-154, ruthenium-106, and cesium-137. 

 

External radiation surveys conducted from 1971 through 1980 were summarized by Sula (5).  The 

earlier work (6,7) was used to prioritized and focus shoreline surveys partially in response to the 

granting of public access to the Hanford Reach of the Columbia River in 1976.  In 1973 and 

1974, average background radiations rates ranged from 22 to 33 pGy/s along the shoreline.  Sula 

(5) reported a background rate of 19 ± 3 pGy/s with a mean exposure rate of 31 ± 8 pGy/s along 

study area from B/C Area to Sacajawea Park in 1979 (80 km downstream of the 100-B/C Area).  

Ninety-two specific areas exceeded dose rates of 69 pGy/s.  Higher readings located adjacent to N 

reactor areas were attributed to the reactor’s operation and waste management practices and not 

shoreline deposition.  These areas usually contained emergent shoreline vegetation which would 

retard current velocity and enhance deposition or entrainment of suspended matter in the water 



column.  The activity associated with these areas consisted of cobalt-60, cesium-137 and 

europium-152 in roughly equal proportions.  Highest radiation levels attributable to contaminated 

shoreline areas were 350, 690, and 180 pGy/s found downstream of the 100-B/C Area, 100-K 

Area and 100-D Area retention basins, respectively.  C, K-East and K-West reactors were the last 

three single-pass reactors to operate.  D-Island had a dose rate of 125 µR/h measured with a 

Bicron µR meter at a discharge pipe riser that was associated with europium-152 that had 

precipitated on the scale on the inside of the discharge pipes and risers. 

 

After the site had entered into a clean-up and environmental restoration mission, clean-up of the 

reactor areas and other facilities along the Columbia River corridor became a top priority.  The 

elevated activity associated with D-Island became one of numerous focus areas resulting in 

surveys conducted by Hanford Site contractor staff (8,9) and state regulators (10).  Radiological 

surveys conducted in the early 1990s were consistent with the surveys reported by Sula (5) when 

allowing for radiological decay.  The Washington Department of Health conducted D-Island 

surveys in 1995 (10).  These surveys were in response to site clean-up and were performed to 

validate the more recent surveys conducted by Cooper and Woodruff (9) and Wade and Wendling 

(8).  Background radiation measurements taken from D Island in 1995 by the Department of 

Health ranged from 24 to 26 pGy/s (10).  In their surveys, they located three discrete particles 

with contact dose rates of 0.24, 1.9, and 5.6 nGy/s, however, the authors did not published the 

activity of cobalt-60.  In comparison, Sula (5) reported activity concentrations of cobalt-60 in the 

particles they collected in 1979 ranging from 63 to 890 kBq/particle.  No dose rates were reported 

for these particles or those collected earlier during routine site radiological surveys (6,7). 

 

Discharge Pipes.  The design, construction, and deployment of the discharge pipes influenced 

how particles were released and distributed in the river.  The discharge pipes were constructed of 

steel and depending on the location, ranged in diameter from 1.07 to 1.68 m.  The length of the 

pipes ranged from 120 to 550 m to reach mid channel at the river bottom.  The five most up-river 

reactors were B, C, K-East, K-West and N.  Their discharge pipes terminated at the main channel 

of the river and ranged from 120 to 180 m offshore. The discharges into the main channel would 

have to travel a fair distance downstream before deposition along the shoreline was likely to 

occur; however, release along the shoreline was possible when outfalls where used.  The 

bathymetry along this area has the main channel running down mid- to near-shore and there are 

no islands in this relatively straight section of the river.  This stream morphology continues pass 

100-N Area until 100-D Area. At this point, the main channel shifts to the north away from the 

reactor area shoreline and leaving a shallow, reduced flow area along the 100-D Area shoreline 

that is more conducive to settling of particles.   

 

The discharge pipes at D and DR reactors were unique in that after descending off the bluff, they 

went into a channel and crossed a low cobble island (D Island) before intersecting the river 

channel and terminating about 550 m from the shoreline.  Because the pipes rose in elevation to 

cross D Island, vents were installed in the discharge pipes to eliminate vapor lock.  No other 

discharge pipes associated with cooling water discharge to the river were fitted with vapor lock 

vents.  Surges of effluent would spray out of these vents when liquid discharges commenced.  

These observations suggest that the elevated number of particles observed on D Island originated 

with the venting of reactor effluent, however, this theory does not preclude that other upstream 

reactor discharges may have been the source of hot particles.  No particles were found upstream 

of D Island by Sula (5), however, river levels were elevated when the 100-B/C, 100-K and 100-N 

Area shoreline surveys were conducted in 1979. 

  

Two theories have been advanced to explain the presence of discrete radioactive particles along 

the Columbia River shoreline and islands.  Sula (5) conducted an extensive survey of shoreline 



areas covering 97 km of river shoreline.  His examination of particles indicated that the particles 

originated from corrosion of pumps and fittings in the reactor core that was constructed with 

stellite, an alloy with heat and corrosion resistant properties that were used extensively in 

production reactors.  Twenty years later, Wade and Wendling (8) offered a second theory.  Their 

theory proposed that the source of essentially pure Co-60 resulted from the wind blown 

distribution of radioactive waste from an open load out station at the 100-N Reactor. 

 

Stellite Theory.  Discrete radioactive particles were found in 1979 amongst the exposed cobble at 

D-Island and other areas of sediment deposition located as far as 85 km downstream of D area.  

These particles consisted exclusively of Co-60 associated with metallic flakes.  The particles were 

usually found buried in the more exposed cobble areas generally devoid of vegetation. Particles 

were metallic in appearances, ~ 1mm in diameter, and had a composition of iron, chromium and 

cobalt similar to stellite, a heat resistant alloy used for valves and fittings in the production 

reactors (5).    

 

100-N Load-out Theory.  Wade and Wendling (8) formulated a second theory for the dispersion 

of hot particles.  Standard practices at 100-N was to remove primary loop coolant when there was 

a fuel rod failure.  The primary coolant contained predominantly activation products including 

iron-59, manganese-54, chromium-51, nickel-65, and cobalt-60.  The authors theorized that 100-

N Reactor’s primary coolant was essentially the only source of pure cobalt-60 in the 100 areas.  

Anecdotal accounts of past practices indicated that the load-out area for waste from coolant 

change out was an open concrete pad that was covered in the mid 1970s.  Aerial radiological 

surveys had indicated the presence of a contamination plume beginning in this area and extending 

downwind.  They also suggest that all single-pass releases were generally characterized by the 

presence of cobalt-60, cesium-137, and europium-152,-154.  The authors did not discuss the Sula 

(5) report or its identification of irradiated stellite particles as the source of cobalt-60 particles in 

the river. 

 

3.  Clean-up and Stakeholder Issues 

 

Today, site clean-up is administered under the Comprehensive Environmental Response, 

Compensation and Liability Act (CERCLA).  Remediation of Department of Energy sites will 

require tremendous amounts of resources and costs. This act essentially opened up the clean-up 

process to the public and facilitated public involvement with Hanford Site Cleanup.  Stakeholder 

groups include Native Americans, federal and state and regulatory bodies, and environmentalist 

organizations.  As the site entered into a cleanup mission, there was consideration of returning the 

site to pristine conditions.  It was quickly realized that such an objective was not possible due to 

the nature and extent of residual contamination and waste inventory.  The presence of hot 

particles in river sediment was a focal point with a lot of attention given to D Island.  Much of the 

attention was related to the discharge pipe design with vents that were used for both 100-D and 

100-DR reactors.  The vents associated with both 100-DR and 100-D reactors were cut at ground 

level  and capped in 1990 because they were viewed as a potential navigation hazard and a 

potential route of exposure.  This operation did not fix all the 100-D reactor discharge pipe vents.  

In 2001, three uncapped vents were discovered by an environmental activist and reported to the 

Department of Energy and the Washington State Department of Health.  Following surveys and 

inspections by DOE and the Washington Department of Health, the vents were plugged and no 

further action was taken as the levels of radioactivity associated with the vents, while detectable, 

were well below levels of public exposure concern.  The existing activity in 2001 was primarily 

attributed to europium-152 that had adsorbed to the inner surfaces of the riser and discharge pipe.  

Elevated readings above background could still be detected in 2001 from the uncapped vents 

when exposed at low river levels. 



 

At one time during 1995, the option of cleaning up the river by locating and removing the hot 

particles was informally considered and advocated by some of the stakeholder groups.  While no 

formal engineering analysis was performed, one astute observation was that far more ecological 

damage would occur from operations to locate and remove the particles than from leaving the 

particles in place. 

 

The discharge pipes themselves have also been a clean up concern.  The pipes, over the course of 

reactor operation, have rusted and collected contaminants on the corroded pipe surfaces.  Some of 

these pipes still contain residual radionuclides (primarily europium-152) and at some areas, 

mercury.  Again, current plans are to leave the pipelines in place as the regulatory agencies 

recognize that more ecological damage would ensue from their removal than the corresponding 

reduction in contaminant risk.  The pipes, which are constructed of black iron, will eventually 

corrode and collapse. 

 

4.  Summation 

 

Whicker et al. (11) has proposed that leaving low levels of radioactivity in place may be less 

hazardous to ecosystems than more costly remediation alternatives.   Under this paradigm, relying 

on a strategy that includes ‘natural attenuation,” i.e., where natural processes of decay and 

sequestration will, over time, reduce risk to acceptable levels, may be warranted for the old 

reactor discharge pipelines. A great deal of money is being spent on ecological risk 

characterization at DOE sites to support cleanup decisions where there is a present or future risk 

to the public.  Many of the DOE sites that were originally located in remote areas have seen 

towns and farms encroach upon their borders increasing the risk of human exposure.  At Hanford, 

some of the waste sites are located on land designated for transfer to the U.S. Fish and Wildlife as 

part of the Hanford Reach National Monument.  The monument will support recreational visits, 

but not residential or farming activities.  Some of these waste areas enter a “gray zone” where it 

may be better to leave waste as is or clean up to a less stringent level if human occupation will not 

occur in the near term.   

 

The natural attenuation model has met opposition from some stakeholders with one of the main 

objections being how to protect the public into the future when institutional knowledge may be 

lost.  For this to move forward, the contaminants must have moderate half-lives (not greater than 

30 years), be of a moderate level of activity, and there is ample evidence that institutional control 

will not be lost over that time frame.  Last, the decision will require continuing education of the 

public and stakeholders about site risk and appropriate land uses.  This type of strategy can not 

only save dollars (12), but also benefit society by reducing costs and in some cases, retain areas 

suitable for wildlife habitat. 
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