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Preface

This document has been prepared in close coordination with the Federal Radiological Preparedness Coordinating Committee, Subcommittee on Offsite Emergency Instrumentation. It is intended for interim use by Federal, State, and local officials who are responsible for radiological emergency preparedness. Extensive guidance by the various subcommittee members and others has been incorporated in the document. This document is the second of a series on guidance on offsite emergency radiation measurement systems. An earlier edition of this document was issued on a preliminary basis as WINCO-1009 for interim use and comment. Users comments received to date have been incorporated into this document.

Comments are encouraged to be submitted for consideration prior to the document's final publication by FEMA. To be considered in the final publication of this document, comments will be accepted through January 31, 1988, and should be addressed to: Rules Docket Clerk, Federal Emergency Management Agency, Room 835, 500 C. Street Southwest, Washington, D.C. 20472.
Abstract
This document provides guidance to State and local governments and to Federal agencies on offsite emergency measurement of radionuclides after an accident involving a light-water nuclear power plant; in particular, this document provides guidance on determining the dose commitment from the milk pathway. Other guidance documents on measurement of radionuclides to determine dose commitments in food, water, and air pathways have been issued.
Protective action levels proposed by the Food and Drug Administration (FDA) for milk are used as the basis for monitoring requirements. Measurement of radionuclides in milk should be made at the earliest practical point in the production chain: dairy farms, receiving and transfer stations, processing plants or marketing facilities. Early monitoring will provide data to keep significantly contaminated milk out of distribution and will provide the basis for the most timely emergency response action. Radioiodine plus four other radionuclides, cesium-134, cesium-137, strontium-89, and strontium-90, contribute significantly to dose via the milk pathway. For the most severe potential accident, the short-term dose via the milk pathway from radio-iodine is significantly greater than that of cesium or strontium.
There is no emergency field monitoring instrumentation available for accurately monitoring cesium and strontium, particularly in the presence of radioiodine. Radioiodine can be a potential contamination problem in liquid milk, whereas radiocesium and radiostrontium can be a contamination problem in processed milk products. Monitoring for the long half-life nuclides such as cesium and strontium requires sophisticated equipment or chemistry procedures which are only available in a laboratory.
Summary
This document provides guidance to Federal, State, and local officials on the preparation and implementation of an emergency radiation monitoring system to be used to determine the potential radiation dose to the public from the milk pathway in the event of an accident at a light-water nuclear power plant. A successful monitoring system will protect the public by precluding distribution of milk contaminated as a result of such an accident. Therefore, plans to implement the emergency milk monitoring system should be completed prior to the occurrence of this type of accident. Methods useful for the development of such a plan are discussed for gathering information and determining resources required for implementing this system. Identification of the nuclides of concern, the appropriate instrumentation, and the monitoring options and their associated problems is essential to the development of an effective emergency monitoring plan for the milk pathway.
When planning an emergency radiation monitoring system two principal considerations are: 1) that under emergency field conditions only gross radiation measurements will be performed in the field to determine emergency or nonemergency conditions; and 2) instrumentation used for the emergency monitoring system must be reliable, simple to operate, durable, yet sensitive. For nonemergency conditions or subsequent confirmatory analyses, better and more sophisticated instrumentation should be available for use under controlled laboratory conditions. The radiation detection instrument sensitivity requirements are dependent upon: 1) the energy of the radiation to be measured, 2) background radiation levels, and 3) the derived response levels (i.e., radionuclide concentration) being measured. These derived response levels are equivalent to the preventive and emergency Protective Action Guide (PAG) projected dose commitments of 1.5 and 15 rem thyroid and 0.5 and 5.0 rem to whole body, bone marrow, or any other organ, respectively.
Based on existing Reactor Safety Study (RSS) accident scenarios and associated source term releases, radioiodines have been identified as the radionuclides of major concern with respect to potential projected dose commitment (It is recognized that the accident source terms are currently being reevaluated and will probably result in lower radioiodine source term release rates. However, radioiodine will still remain an important parameter to measure during the initial emergency response sampling and monitoring). The dominant radioiodine ingestion pathway which results in dose to a population is the air-pasture-cow-milk pathway. The thyroid is the critical organ because radioiodine concentrates therein. Due to the relative size of thyroid mass and thyroid uptake, the infant is the critical segment of the population. Accordingly under most circumstances, 1-131 is the primary nuclide that should be monitored in milk.
Monitoring milk samples at the derived preventive response level is essential for providing the decision makers with the necessary information to take the correct protective actions (i.e. divert milk supplies or condemn milk supplies). Therefore a number of field monitoring instruments (rate-meters with 1.25"xl.5" NaI (Tl) or GM detector probes) were evaluated. All of the evaluated instruments were sensitive enough for field monitoring at the emergency derived response levels. However, only the instruments with the 1.25"xl.5" or larger NaI(Tl) detectors were found to be practical and sensitive enough for field monitoring at the preventive derived response levels.
Various milk sample/detector counting configurations were evaluated; including monitoring outside of the sample container, immersion of the detector, and sample concentration via ion exchange resin. Based on these evaluations, either the immersion method or the ion-exchange method should be effective for field monitoring at the preventive derived response levels. The instruments evaluated do not have adequate sensitivity for detecting derived preventive response levels by monitoring the outside of the sample container. The immersion method requires a 20 liter sample volume whereas the ion exchange method requires a 3-4 liter sample volume. The ion exchange method also has some advantages with respect to sample preservation and storage for subsequent confirmatory analyses under controlled laboratory conditions.
The logistics of monitoring all milk produced within the 50 mile radius ingestion pathway emergency planning zone (EPZ) will determine the resource requirements for personnel, sampling equipment, and instrumentation. Milk monitoring can be done at the following locations: (1) producing dairy farms, including the family farm, (2) receiving and transfer stations, (3) processing plants, and (4) distribution centers (market level). However, milk should be monitored and controlled as close to the production level as possible. Monitoring at the individual producing dairy farms may not be feasible with the resources available. If the decision is made not to monitor at the producing dairy farms, then monitoring should be performed at all transfer and receiving stations. Whatever decision is made with regard to the point to be monitored, plans should be established and personnel trained to carry out the monitoring prior to the occurrence of an accident. Specific personnel should be assigned to these functions to cover the time period needed and the plan should be exercised periodically. The numbers of required personnel and associated equipment will vary from site to site.

Milk monitoring teams do not have to be deployed immediately after release of radionuclides during an accident. If radioiodines are known to have been released, monitoring in the affected areas should probably begin within 6 to 12 hours after the initial release. Monitoring may be required to continue for several days once it has begun. The duration of the monitoring time will be dependent upon the type of release (e.g., a prolonged release or a multiple time interval release will require a longer follow-up monitoring time). Radionuclides will appear in milk several hours after dairy cattle consume contaminated forage and will reach a maximum between 24 hours and several days after a contaminating event. The decision to deploy the monitoring teams should be based upon the accident source term and the transport and diffusion characteristics of the existing meteorology. Information on the magnitude and duration of the radioiodine release should be available from the nuclear power plant.

The recommended sample collection technique is the ion exchange collection rather than bulk milk sample collection for the initial emergency response. The recommended field monitoring method for radioiodine is measurement of the anion exchange resin with a reliable ratemeter and a 1.25"xl.5" or larger NaI(Tl) detector. The recommended procedure for determining the level of radiocesium, radiostrontium, and other long half-life radionuclide concentrations in the milk is field sampling at the time milk is monitored for radioiodine, followed by analyses of the cation exchange resin under controlled laboratory conditions. The radioiodine samples should also be retained after field monitoring for confirmatory laboratory analysis.
The recommended procedure for making the initial emergency decision on control of potentially contaminated milk should be based on radioiodine concentration in milk. For the reactor accident radioactivity release scenarios evaluated, milk will contain higher concentrations of radioiodine than other radionuclides. If milk is monitored and protective actions are taken based on radioiodine, these actions will eliminate problems with other undetected long-lived radionuclides at the derived preventive response level. Any milk determined to be contaminated above the iodine derived emergency response level will be condemned regardless of other long half-life radionuclide content and milk below the radioiodine derived preventive response level also will be below the other long half-life radionuclide derived preventive response levels.

Below the emergency and above the preventive derived response levels, diversion of milk for later use in milk products may be an acceptable protective action for milk contaminated with radioiodine. However, the potential presence of radiostrontium, radiocesium, and other long-lived radionuclides at preventive response levels may preclude diversion as a protective action. Because of the time delay inherent in the radiocesium, radiostrontium, and other long half-life radionuclide analyses, unless there is a mechanism to segregate this milk until results of the analyses are available, this milk should be condemned rather than diverted.
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1 PURPOSE OF THE REPORT
In the event of a significant release of radioactive material to the environment from a nuclear power plant, Federal, State, and local government agencies must be prepared to protect public health and safety. There are two predominant exposure pathways by which the public can receive radiation dose following an accident. The first exposure pathway is by direct exposure to the airborne plume, which, as defined in a joint publication of the NRC and the EPA
, derives principally from: a) whole body exposure to gamma radiation from the plume or deposited material, and b) inhalation exposure from the passing plume. Guidance for Federal, State, and local government agencies on plume exposure verification was discussed in a previous FEMA document, "Guidance on Offsite Radiation Measurement Systems, Phase 1 -Airborne Release."
 The second principal exposure pathway is by ingestion of radioactive material from the plume as deposited in the environment. Ingestion exposure, is defined in the joint NRC/EPA Document noted above, as internal exposure resulting from ingestion of contaminated water or food.

This document was developed for the Federal Radiological Preparedness Coordinating Committee (FRPCC) Subcommittee on Offsite Emergency Instrumentation to provide guidance to involved agencies of Federal, State, and local government on adequate methods to monitor for radionuclides in milk on an emergency basis. (Emergency, as used in this document, refers to the offsite release of radioactive materials in the form of fresh fission products, the deposition of these materials, and the subsequent ingestion of these materials by dairy cattle. Emergency monitoring for these conditions is then directed toward rapid field or laboratory detection of contamination in milk and milk products.)

Guidance is provided in the form of recommendations for planning the emergency response necessary for proper monitoring of radionuclides in milk. The recommendations made in this document cover:
1) monitoring and measurement instrumentation

2) selection of monitoring procedures

3) logistics and deployment of monitoring resources

4) determination of monitoring control points

5) protective actions to be taken.

The guidance provided herein is intended to be viewed within the framework of what decisions and actions are required to best accomplish the goals of the Federally recommended PAGs. The State and local agencies may choose to use instrument systems or monitoring procedures other than those recommended in this report. However, the use of alternative methods should be evaluated carefully to assure that the information needed to make protective action decisions can be obtained in a timely manner.

The items listed below are the important elements which should be included in the preparation of the emergency plan. Each element is discussed in more detail in the following sections of the report.
1. Define the milk shed by determining: (a) how much milk is produced in the Emergency Planning Zone (EPZ), (b) where producing dairy farms are located, (c) where the milk is shipped for sale or processing, and (d) if the cows are ever on pasture, and, if so, what time of year that pasturing is used.

2. Select potential monitoring locations by determining: (a) if sufficient equipment and personnel are available to monitor at each dairy farm, or (b) if monitoring at transfer and receiving stations or processing plants is more feasible.

3. Select Protective Action Guide (PAG) level (concentration) by establishing numerical criteria for: (a) derived emergency response levels, and (b) derived preventive response levels.

4. Select monitoring methods by determining: (a) the range of projected dose that the monitoring methods will be required to measure, (b) the instrument system(s) which will be used to monitor milk, and (c) whether monitoring is to be done solely in the field or if some analyses can only be performed under laboratory conditions.

5. Assess local capability by determining: (a) the extent of personnel resources available locally, (b) what arrangements need to be made for training personnel, and (c) how much equipment is available locally and what equipment must be acquired.

6. Determine need for Federal assistance:  (a) if Federal assistance is required, arrange for Federal assistance with equipment and/or personnel, and (b) determine local resources that Federal assistance will require.

7. Establish deployment of monitoring teams by determining: (a) whether the entire EPZ monitoring effort should be deployed in all accidents, or (b) how the decision is to be made on deployment of the monitoring teams.

8. Decide on protective actions by determining: (a) if uncontaminated cattle feed is available, (b) whether milk can be diverted to production of manufactured milk products, or (c) if condemnation of milk is the best option.

9. Provide for monitoring the effectiveness of protective actions by determining: (a) if the State or local agency has sufficient capability to make radiation measurements at the market level, or (b) if the Federal routine milk monitoring network is best suited for market level radiation measurements.
In addition to the guidance in this document and the Phase 1 document, subjects of other guidance documents in this series include: a) measurements of exposure from radiostrontium, radiocesium, and other particulates in the airborne plume, b) measurements of radioiodine, radiostrontium, and other radionuclides to determine dose commitment in the non-dairy food and water pathway, and c) measurement for recovery operations during the restorative phase following the radiological accident.
2 Description of the Problem

Emergency response plans are required by the U.S. Nuclear Regulatory Commission (NRC) for all nuclear power plants
; and, these plans are to be coordinated with State and local Government agencies. It has also been recommended
, that State and local agencies formalize their emergency plans. Part of the extensive guidance available to concerned agencies is a joint NRC-EPA Task Force on Emergency Planning publication, entitled "Planning Basis for the Development of State and Local Government Plans" (NUREG-0396).
 This publication makes use of the concept of emergency planning zones (EPZ) to protect the public in the event of an accident. The same concept is required by regulation in Title 10 of the Code of Federal Regulations, Part 50 (10 CFR 50). A subsequent report, prepared by NRC and FEMA, provides guidance and criteria for development of such radiological emergency plans.

As per 10 CFR 50.33, two EPZs are required around every nuclear power plant site: a plume exposure pathway EPZ with a radius of approximately 10 miles, and an ingestion pathway EPZ with a radius of approximately 50 miles around the plant site.
 Yet, initial emergency response may involve only a portion of the EPZ. Additionally, the EPZs can be circular or irregular in shape, depending on such local conditions as topography and demography (i.e., valley conditions which may restrict plume dispersion or highly populated areas located on the circumference of the EPZ which should be totally included within or excluded from the EPZ may dictate use of an irregularly-shaped EPZ). However, as a basis for emergency planning evaluation of the milk exposure pathway, any milk produced on dairy farms within the EPZs may need to be monitored, regardless of the location of processing or consumption.
Prior to any accidental release, the State and local officials responsible for emergency planning must establish plans for monitoring milk. Planning should result in protective action to interrupt pathways that would allow contaminated milk to reach the public.

The planner must first define the milk shed in order to establish an emergency milk monitoring plan. Based on the milk shed, the planner must establish logistics and personnel requirements for monitoring milk for radioactive content during accidents of varying severity. Decisions must also be made regarding the appropriate instrument system to use for monitoring.

A typical, large milk shed is described in Section 2.2 of this document to illustrate the problems that will confront the planner in defining the milk shed and determining the logistics and personnel needed. Specific examples of accidents with varying degrees of radiological consequences also are provided to illustrate the number of personnel and the amount and types of equipment needed to cope with the situation.

In any reactor accident it will be necessary, once a notice of the accident has been received, to determine the magnitude of the radioactive release and the location or area that will probably be affected by the plume. This information will allow determination of the type and extent of emergency procedures that should be followed. The most urgent problem to be considered is public exposure to the plume, both from inhalation and external irradiation. As noted, planning for monitoring the plume exposure pathway is discussed in the Phase 1 document
 and will not be considered here. This document is concerned only with the determination of the dose commitment from the milk portion of the ingestion pathway.

Protective actions may be required to reduce potential radiation exposure from food to the public. Milk has been identified as the critical food, and the air-pasture-cow-milk pathway as the mechanism by which milk is contaminated. Due to the geographic nature of the milk shed, the potential to expose the public via contaminated milk may extend many miles from the power plant. Because of the large area encompassed in the milk shed, and other factors, such as concentration of certain nuclides in milk during the cow's metabolic process, the total population dose via milk may be 400-700 times that of the inhalation dose.
 Accordingly, protective actions should be taken to prevent contaminated milk from reaching the public.

2.1 Protective Action Levels for Milk
Protective Action Guides (PAG) are recommended dose commitment levels requiring protective action. The protective actions, described in Section 3.2 of this document, are taken to prevent the ingestion of radionuclides through the food pathway.

The Federal Radiation Council (FRC) and the Food and Drug Administration (FDA) of the Department of Health and Human Services (HHS) have proposed or established PAGs for radionuclides in milk. An FRC report, FRC-5, states that although radionuclides other than I-131 may result in dose to the public via the milk pathway, the I-131 dose probably will be larger than that of all other nuclides.
 Therefore, PAGs were established by FRC first for I-131: 30 rad to the thyroid of an individual; this corresponds to a 10 rad dose commitment to the thyroid of an average population, assuming the individual dose does not vary from the average by more than a factor of 3.
Within HHS, FDA is the agency responsible for determining safe concentrations of radionuclides in food in interstate commerce and for establishing control over contaminated food. The FDA has published two sets of PAGs, a preventive and an emergency level for all radionuclides, and derived response levels for I-131, Cs-137, Cs-134, Sr-89, and Sr-90 in milk. The preventive PAG for radioiodine is 1.5 rem to the thyroid, the emergency PAG is 15 rem to the thyroid. The PAGs for cesium, strontium, and all other radionuclides (to the respective critical organ of the critical member of the population) are 0.5 rem preventive PAG and 5 rem emergency PAG to the whole body, bone marrow or other organs. The critical populations are the newborn infant for radioiodine and the infant less than one year for all other radionuclides.
 The preventive PAG is applicable to situations where protective actions causing minimal impact on the food supply are appropriate; it establishes a level at which responsible officials should take protective action to prevent or reduce the concentration of radioactivity in food or animal feed. The emergency PAG is applicable to incidents where protective actions of great impact on the food supply are justified because of the projected health hazard; it establishes a level at which responsible officials should isolate food containing radioactivity to prevent its introduction into commerce, and at which the responsible officials must determine whether condemnation or another disposition is appropriate.

The Environmental Protection Agency (EPA) is responsible for establishing radiation protection regulations based on guidance received from other Federal agencies. It is expected that the EPA will revise the Federal guidance for PAGs based on recommendations of the HHS. However, States may set their own PAGs, which may be lower than the FDA's. This report adheres to the FDA's concept of proscribing preventive and emergency PAGs.

The milk pathway PAGs are established only for projected internal dose commitment. Since ingestion dose cannot be measured directly, the concentration of radionuclides that would result in a dose equivalent to the PAGs must be measured. To accomplish this, the FDA has derived radionuclide concentration response levels for milk and pasture.
  The derived response levels are presented in Table 1 and Table 2 of this report.

2.2 Information Needed to Identify the Milk Shed
The emergency planner must become familiar with the production and distribution of milk from farms located within the 50 mile ingestion EPZ surrounding the reactor in the milk shed. This is necessary so milk can be monitored at the most practical location close to production to determine if milk is contaminated with concentrations of radionuclides that, if ingested, will result in dose to the critical segment of the population (the infant) at, or above the preventive PAG level. The planner must understand the distribution system so he can plan to control the flow of milk, i.e. interrupt the pathway that would allow the milk to reach human consumption. Information about the milk shed must be gathered prior to the emergency, put into the emergency plan, and kept current. This information will allow the planner to determine the logistics, personnel and instrument requirements necessary to monitor potentially contaminated milk. To aid the planner in determining the type of information needed, a basic description of milk shed is given in the following paragraph. An actual milk shed is also discussed in Section 2.2.4 of this document to help identify potential monitoring problems, recognizing that each milk shed will require its own specific monitoring program based on local conditions.
Table 1.  FDA Radionuclide Response Levelsa
[image: image5.jpg]Derived response levels for grass-cow-milk pathway equivalent
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Table 2.   FDA Radionuclide Response Levelsa
Derived response levels for grass-cow-milk pathway equivalent to emergency PAG dose commitment of 15 rem thyroid, 5 rem whole body or red bone marrow.
*See Table 2 for Image*
A milk shed is a geographical region that supplies a market area (e.g. a city) with a fluid milk supply. For the purpose of this report it includes all the producing dairy farms within the ingestion pathway EPZ, the transfer and collection locations that receive milk from these farms, the processing plants, and the locations where fluid milk and processed milk products are marketed to the public. Theoretically, a milk shed will have a city at the center and would be circular if all land around the city is equally suitable for dairying, and if transportation facilities are available from every direction. In reality, milk sheds are irregularly shaped. They may extend far from the city along major transportation routes, and may overlap with milk sheds from other nearby cities. In addition, more than one milk shed may be located within the 50 mile radius of the ingestion pathway EPZ of a nuclear power plant site. In determining the characteristics of the milk shed or sheds within the ingestion pathway EPZ, it is recommended that the planner obtain the assistance of the Federal and State agriculture personnel since they would have much of the necessary information on the locations and types of producers and processors associated with the EPZ.
A milk shed produces milk which can reach the consumer as fluid milk, fluid cream, or manufactured milk products, including ice cream, butter, cheese, evaporated and condensed milk, etc. If radioiodine is identified as the nuclide of major concern, then the protective actions should be directed toward the production and consumption of fluid milk and fluid cream. Whereas if radiocesium and radiostrontium are the nuclides of major concern, then the protective actions should also be directed toward the production and consumption of manufactured milk products. This section deals primarily with milk produced for the fluid milk market, including:
1. Production Methods

2. Collection Methods and Transportation Routes

3. Processing and Marketing Procedures

4. Monitoring Problems.
A conceptual flowsheet for fluid milk is shown in Figure 1.

2.2.1 Production Methods
Dairy cattle feeding programs are designed to maximize milk production at the lowest possible cost. Dairy cattle feeds provide nutrients for the cow's own maintenance requirements as well as for the production of milk. Cattle feed consists of forage and concentrates.

Forage, the main component of a cattle feeding program, includes pasture, fresh chop, silage, and hay. Pastures provide the most economical feed during the growing season when adequate land is available. Pastures are grazed continuously, in rotation, or in strips. Continuous grazing uses the plants in the field inefficiently because of trampling of existing plants and contamination of surrounding plants by manure droppings. Rotation and strip grazing make more efficient use of the plants, but require more labor in moving fences and providing water for the cows. For these reasons dairy cattle grazing is declining, and is now important only for 12 small herds (fewer than 35 cows).
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Figure 1.  Conceptual Fluid Milk Flowsheet
Fresh chopping involves harvesting forage each day and feeding it directly to the cows. It makes more efficient use of the plants, but requires expensive machinery, more careful crop management, and daily or twice daily cutting trips to the field.
Out-of storage feeding results in efficient use of the plants. Forage, mainly as silage and hay, can be harvested at a nearly optimal stage and stored with only small losses of nutrients. Ensiling forage plants relies on bacterial fermentation to convert the plant sugar to organic acids, principally lactic acid. When a certain level of acid is produced, bacterial growth ceases, and the silage can be stored indefinitely without damage.
Hay is composed of grasses and legumes (alfalfa) which are cut, dried, and stored in a dry form. Hay and silage make up the major portion of dairy cattle feed on large dairy farms.

While forage provides most nutrients for dairy cattle, it does not provide sufficient energy and protein for high milk production. A 1400-pound Holstein cow consuming an average amount of fair-to-good quality hay (55% total digestible nutrients) can consume enough energy for her own maintenance requirements and approximately 17 pounds of milk per day. By supplementing her forage feed with concentrates, she can produce 37 pounds of milk per day in addition to her maintenance requirements.
 Concentrates include grains, seeds, and their by-products and are low in fiber and high in total digestible nutrients compared to forage.
2.2.2 Collection Methods and Transport Routes
Dairy cows are generally milked twice daily with milking machines, either in their stall barns or in a milking parlor. When milking is done in the stall barns, the milk is collected and transferred in one of three ways: 1) the milk is collected in regular buckets and hand-carried to milk cans or the bulk tank, 2) milk is collected in buckets and poured into a dumping or transfer system that pipes the milk into the bulk tank, or 3) milk is drawn directly into pipelines to the bulk tank. When cows are milked in a milking parlor, the milk is drawn directly into a pipeline. Where pipelines are used, each cow's milk is collected and weighed in transit to the bulk tank.

A dairy farmer has several options for the use of the milk produced. The milk can be: a) used on the farm, b) processed on the farm and sold directly to consumers, or c) sold to others for processing. In 1981, 1.8% 14 of the milk produced was used on the producing farm either
 as feed for calves or milk, cream, and butter for home consumption. A smaller fraction, about 1.2%,
 was processed by the producing farmer and sold directly to the consumer. The remainder of the milk was sold to others for processing as fluid milk or manufactured milk products. In 1981, 38% of the milk produced was processed for fluid milk sales.

Milk to be sold to a fluid milk processing plant must be rapidly cooled and stored at a low temperature until picked up for transport to the plant. The U.S. Public Health Service 1965 revision of the Grade A Pasteurized Milk Ordinance requires that raw milk for pasteurization be cooled to 50°F or below, and held at that temperature until it is delivered to the pasteurization plant.
 Milk stored in properly operated bulk tanks is usually cooled to 38°F; milk shipped in 10-gallon cans is usually cooled to 45°F or below over a surface cooler and stored in a cold room until pickup.

Milk destined for the fluid milk market is sold to a processor and transported to a processing plant. Sale of the milk to a processor can be negotiated by the individual farmer or a dairy cooperative association. In 1982, more than 77% of the milk sold to dairy plants was marketed through cooperatives.
 

Milk is shipped either to a receiving station for subsequent shipment to a processing plant or directly to the processing plant. Milk which is shipped to a receiving station is sampled, cooled, and then sent to a processing plant, usually in a tank truck. The milk samples may be tested for fat, bacteria, flavor, odor, and temperature at the receiving stations or, more commonly, at the central laboratory of the operator of several receiving stations. Since farmers have been converting to bulk tank storage of milk on the farm, the need for receiving stations has declined.

Most milk is shipped to processing plants in tank trucks, most of which are insulated rather than refrigerated. Therefore, the hauler determines the acceptability of the flavor and odor of the milk. Milk judged acceptable is sampled and pumped into the transport truck. Samples are maintained below 40°F until delivered to the plant. Milk judged unacceptable is diverted to a manufacturing plant for processing into milk products. The hauler collects milk from several farms, generally every other day.
2.2.3 Processing and Marketing Procedures
Milk received at the processing plant is tested, processed, and packaged for distribution. Each tanker of milk is tested for thermoduric and coliform bacteria, temperature, flavor, odor, sediment, and fat. Other tests are also performed on a regular basis.
 Milk from tankers is pumped through cold milk clarifiers, cooled if necessary, and pumped into a storage tank or silo. Cream or skim milk is added to the contents of the storage tank to standardize the butter-fat content. The well mixed milk is then pasteurized to destroy bacteria, homogenized to emulsify the butterfat to prevent separation, fortified with vitamin D, packaged, and tested as necessary.

After the milk is processed and packaged, it is delivered directly to the consumer or is sold for resale in retail outlets. In 1982, 2-3% of all 19 fluid milk was home delivered, and 80% was sold in retail food chains.
 The trend is away from home delivery due to increased costs.

The times involved in getting the milk from the dairy cow to the consumer vary greatly. For small dairies that process and deliver to consumers, deliveries can be made within 3-4 days of milking. Milk handled by large dairy cooperatives may take 4-8 days to get to the supermarket, where it must be sold within a specified time period, generally between less than two days to ten days varying with geographic regions.

2.2.4 Monitoring Problems

The monitoring problems are logistic in nature. The milk shed may cover several hundred square miles. Coordination of the monitoring effort over such a large area could be a problem. The number of sites which should be monitored, e.g., farms, receiving stations, processing plants and sales outlets, may also cause logistic problems.

To illustrate the magnitude of the potential logistic problem, data are summarized below for a sample site, the Quad Cities Nuclear Station. Two 800-MWe Boiling Water Reactors are located on the east bank of the Mississippi River in north Rock Island County of Illinois. Both the 10-mile EPZ and the 50-mile EPZ include parts of eastern Iowa and northwestern Illinois. For the 50-mile radius ingestion exposure EPZ, parts or all of 18 counties, shown in Table 3, are involved in the emergency plan.
Table 3.  Counties Involved in the Ingestion EPZ for Quad Cities Station
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In Illinois, producing dairy farms are classified as either Class A, producing milk which can be used as fluid milk, or Class B, producing milk for processed milk products. Within the 12 Illinois counties included in the EPZ, there are 260 Class A dairy farms, 80 Class B dairy farms, and 18 manufactured dairy products plants. The location of the 260 Class A dairy farms producing 432,000 pounds of milk per day is of primary concern. This milk is shipped to any of 12 places; two of these are pasteurization plants, one within and one outside the EPZ.

The remaining 10 places are receiving and transfer stations, including 5 located within the EPZ. The pasteurization plants and transfer stations are shown in Figure 2, along with the number of Class A dairy farms and pounds of milk produced per day. A more complete tabulation of the data on dairy farms and processing plants is given in Appendix A.

Producing dairy farms and processing plant data for the Iowa portion of the EPZ were not obtained. Based on a projection according to area, an estimate of 80-100 fluid milk producing farms, 30-40 farms producing for the processed milk market, 5-10 receiving and transfer stations, and 1-2 pasteurization plants could be located in the Iowa EPZ or receive milk produced in the EPZ.
*See Figure 2 for Image*
Figure 2.  Illinois Fluid Milk Operations within the EPZ for Quad Cities Station

The above data do not include family dairy farms which consume the milk produced on the farm; these are generally small and may not be operated on a continuing basis. While identification of these family dairy farms would be very time consuming and expensive, it is this type of dairy operation that is mast likely to have the dairy cattle on pasture for the primary source of nutrients, has the shortest time span between production and consumption of the milk, and, therefore, is the likeliest to receive dose commitments from ingested radioactivity in excess of established PAGs.
2.3 Determining the Nuclides of Concern

Any or all of the radionuclides in the reactor core, except the noble gases which are poorly soluble and chemically unreactive, can potentially appear in milk. The concentration in milk will depend on several factors: 1) the type and the severity of the accident, i.e., the amount and number of radionuclides released, 2) the meteorological conditions during the accident, 3) the transfer coefficient (fraction of the ingested radionuclide which appears in each liter of milk) and, in most cases, the distance from the accident site to the pasture. Therefore, the resulting milk concentrations can vary from insignificant levels to levels which are orders of magnitude greater than the derived response levels.

In order to give an estimate of the potential problem from accidents of varying severity, a review of existing literature was made and a range of radionuclide concentrations expected in milk after accidents in light water reactors was calculated. Source terms were taken primarily from the Reactor Safety Study
 (RSS), which provides estimates of the probability of specific accidents as well as the associated source term. It is not within the scope of this report to discuss the probabilities of potential accidents in nuclear power plants or the associated source terms. However, it should be noted that a number of research studies of severe reactor accident source terms are currently underway which indicate that the RSS overestimates the radioiodine releases by a factor of ten or more.

The RSS divides the radionuclides present in the reactor core into several categories based on their post accident behavior. Not all scenarios from the RSS were reviewed; however, since the purpose is to give an understanding of the potential problem, two of the more probable and less severe of the accidents from the RSS are given below as examples. The examples are intended to illustrate accident situations and are not intended as specific accidents on which to base emergency plans. One of the examples is an accident which releases significant amounts of activity over an extended time span and which requires monitoring over the entire EPZ. The second example is a less severe accident in which the amount of activity released is small, the time span of release is short, and probably requires monitoring only a portion of the EPZ.

The accident scenarios in the RSS are put in nine sets called release categories based on the size of radioactive release. Each release category is numbered, with group 1 having the greatest release fraction, and group 9 the least. The first example accident, shown in Table 4, is designated by the RSS as PWR-7 AHG-epsilon: PWR-7 signifies the reactor is a pressurized water reactor, AHG-epsilon denotes a large loss of coolant accident (LOCA) with failure of the emergency core cooling system (ECCS) in the recirculation mode and failure of the containment heat removal system. Containment integrity is lost when the core melts through the containment base mat. The second example accident, designated by the RSS as BWR-5 A, indicates an accident in a boiling water reactor in which the reactor coolant boundary is ruptured, but all engineered safety features operate as designed.
Table 4.  Description of Two Examples of Reactor Accident Sequences
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To evaluate the hazard from each nuclide in the milk pathway, the ingestion dose was calculated for the organ receiving the highest dose per curie ingested for the critical segment of the population. In the calculations, the source term was taken from the RSS, the atmospheric plume dispersion 22 and deposition model from Regulatory Guide 1.111
, and the dose model from Regulatory Guide 1.109.
 The assumptions used and a description of the calculations are given in Appendix B

The results of the projected dose calculations for the two example accidents are shown in Tables 5 and 6. The data are presented in terms of the ratio of the projected dose to the FDA preventive PAG. This value is determined by dividing the calculated projected dose (from Table B-2 in Appendix B) by the FDA preventive PAG for the thyroid (1.5 rem). For example, in the PWR-7 AHG-epsilon accident, the ratio or projected dose to FDA preventive PAG for cows grazing 1600 meters from the release point is greater than 1000 (17000/1.5 or 11,333). For cows grazing at 80,000 meters, the projected dose is 8.6 rem and therefore the ratio is 5.7 (8.6/1.5). For nuclides other than the radioiodines the same method is used for calculating the projected dose as when calculating radioiodine dose; however, as noted in section 2.1 of this report, the FDA preventive PAG for these nuclides is 0.5 rem. Also, as shown in Table B-2, organs other than the thyroid will be the most affected by these other nuclides. Therefore, for example, for Cs-134 at 1600 meters, the projected dose to the liver, as shown in Table B-2, is 8.7 rem and the ratio is 17 (8.7/0.5).

Table 5.  Ratio of Projected Dose to Infant to FDA Preventive PAG
Dose to the Infant via the Milk Pathway
*See Table 5* for Image*
Table 6.  Ratio of Projected Dost to Infant to FDA Preventive PAG
Dose to the Infant via the Milk Pathway
*See Table 6 for Image*
2.3.1 Radioiodines

The RSS divides the reactor core inventory into several categories based on the post accident behavior of the various nuclides. One of these categories is the radiohalogens, consisting of the radiobromines and radioiodines. The radiobromines will not present a potential dose problem for any type of personnel exposure because of the short half-lives (all less than 35.3 hours) of all the radiobromines present in the reactor core. The fission produced radioiodines consist of six nuclides I-129, I-131, I-132, I-133, I-134, and I-135. The core inventory of I-129 will not be in equilibrium due to the long half-life of this nuclide; the remaining radioiodine isotopes will be in equilibrium in most reactor cores. Also, because the long half-life of the I-129 will also result in a comparatively much reduced inventory in terms of curies, the consequences of an accidental release of the radiohalogens from a reactor is governed by the other five radioiodine isotopes. In particular, as shown in Tables 5 and 6, I-131 is the isotope of principal concern.

Radioiodine results in ingestion dose to human populations via the air-pasture-cow-milk pathway. This pathway involves radioiodine deposition on vegetation from the radioactive plume and consumption of vegetation by dairy cows. A fraction of the radioiodine ingested by the cow is secreted into milk which may be consumed by humans. A large fraction of the iodine ingested by humans is taken up in the thyroid, which receives the majority of the dose from radioiodine and is therefore considered the critical organ. Also, because the thyroid dose from radioiodine via ingestion of milk will be higher for infants than adults, based on the smaller thyroid mass and higher thyroid uptake, the infant is considered the critical segment of the population.

A similar pathway, the air-pasture-goat-milk pathway, could result in dose to members of a population from radioiodine. However, although the doses to individuals consuming goat milk from radioiodine will be greater (since transfer coefficients for vegetation to goat's milk are higher than those for cow's milk)
 the cow-milk pathway is still the prevalent pathway. In addition, though radioiodine contaminated milk can also be produced (but to a much lesser degree) by inhalation of iodine in the passing plume by cows or goats, ingestion of radioiodine contaminated vegetation remains the predominant pathway.
Other Radionuclides.

The pathways for radioiodine also are applicable to radioactive participates and heavy metals resulting in doses from ingestion of milk. Any or all of the radionuclides in Tables 5 and 6 may be present in milk depending on the accident scenario. However, the hazard immediately after an accident may be greater for radioiodine than for strontium, cesium and heavy metals under many reactor accidents scenarios used in the RSS. These radionuclides may be released as particulates in smaller fractions than radioiodine, which may be in both the particulate and gaseous phase. In addition, the vegetation specific deposition velocity is greater for gaseous elemental iodine (0.01 m/sec) than for particulates (0.001 m/sec).
 These factors result in more radioiodine than other radionuclides deposited on vegetation, and, in turn, greater amounts of radioiodine consumed by the cow, secreted into milk, and consumed by members of the public. The uptake fractions of other radionuclides to respective critical organs (bone marrow for Sr and the whole body for Cs) are considerably24 less than for I-131 to its respective organ, the thyroid.
 When all these factors are considered, radioiodine usually dominates the ingestion dose from milk, as shown in Tables 5 and 6 based on the RSS scenarios.

The particulates will remain on vegetation longer because of their longer effective half-lives (11-14 days) compared to that of radioiodine (5 days)
 ,creating the potential for exposure over a longer period of time. However, in the RSS scenarios illustrated in Table B-l, radioiodine concentrations on forage dominate those of all other radionuclides, negating the slightly longer effective half lives of other radionuclides. When radioiodine is the immediate hazard, protective action taken for radioiodine (i.e. condemning milk or removing cattle from contaminated pasture) will eliminate any short-term problems from deposition of other radionuclides.

Soil may act as a reservoir for the longer half-life fission products, Cs-137 and Sr-90, resulting in a long-term biological hazard. These radionuclides may be deposited and retained in the soil (depending on site specific soil characteristics) and be taken up by plants later in the growing season or in the future growing seasons. To assess the magnitude of the problem of contaminated soil being a source of radionuclides, a simple compartment model has been proposed.
 

The calculations based on this model make use of a term called "concentration factor", defined as the activity ingested per unit activity deposited per unit area. The calculated concentration factors for several radionuclides of concern are shown in Table 7. In order to simplify the calculations, the concentration factors are based on an integration from time zero (time of deposition) to infinity.
Table 7.  Ingestion of Radionuclides via the Milk Pathway Resulting from Root Uptakea
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Accident scenarios can be postulated where other radionuclides, but not radioiodine, would be a problem, especially the longer half-life Cs-137 and Sr-90. For example, one such scenario would be a fuel pool accident where the radioiodine in the fuel has decayed to insignificant levels. The cesium and strontium nuclides would then become the governing release constituents. Also, ongoing studies indicate that the radioiodine source term releases listed in the RSS may be lower by a factor of ten or more for most reactor accidents.
For most of the RSS scenarios examined, the radioiodines, and in particular I-131, dominate the dose via the milk pathway. The radiocesiums and radiostrontiums are the only other significant contributors to the ingestion dose from milk. The results of calculations, based on RSS source terms, for the five most significant nuclides for several accidents each at a distance of 10 miles are shown in Table 8. The data are presented as a ratio of the projected dose to the FDA preventive PAG and are calculated by the same method used for values in Tables 5 and 6. In all cases, examined, I-131 dominates the total dose.
Table 8.  Ratio of Projected Dose to the Infant to FDA Preventive PAG for Various Accident Sequences for Cows Grazing 10 Miles from the Accident Site
*See Table 8 for Image*
2.3.2 Summary
Iodine-131 is identified as the nuclide of major concern in the RSS scenarios examined. The dominant ingestion pathway by which it results in dose to a population is the air-pasture-cow-milk pathway. Because radioiodine is deposited in the thyroid, the thyroid is the critical organ; because of relative size of thyroid mass and thyroid uptake, the infant is the critical segment of the population. Accordingly, I-131 is the primary nuclide that should be monitored in milk, unless (1) the time delay between start of the accident and release to the environment is long enough to allow radioiodine to decay to insignificant levels, and (2) if the present source term studies prove that the amount of radioiodine released is less, by a factor of 10 or more, than indicated in the RSS source term for small accidents. In these cases, cesium and strontium may be the nuclides of major concern.
3 MONITORING REQUIREMENTS AND DOSE REDUCTION ACTIONS
The resources required to monitor milk and to prevent contaminated milk from reaching the public will be site specific. The emergency planner, to establish an effective milk monitoring system, must be able to evaluate all resource options, select the most appropriate option for a specific site, and establish a plan for using the selected option. Options should be considered for the following: 1) the location in the milk pathway (farm to market) where sampling and/or monitoring should take place, 2) personnel requirements necessary to monitor or sample, 3) procedures for monitoring and/or sampling, and 4) instrument systems needed. Feasible options are presented in the following sections. Information on logistics and deployment of the monitoring resources are given as well as examples of how to apply these resources to accidents of varying severity.

3.1 Monitoring and Control Locations

Contaminated milk should be sampled and/or monitored and controlled as near to the production point (producing dairy farm) as possible. The farther away from the production point that milk is sampled and/or monitored, the greater the chance for highly contaminated milk becoming mixed with uncontaminated milk. Also, detecting contaminated milk as early in the milk pathway as possible allows more time to take action to prevent it from reaching the public. Sampling and/or monitoring at the producing dairy farm will require the greatest expenditure of resources (personnel and instrumentation) but will result in the potentially greatest benefit. However, monitoring when there are a large number of dairy farms within the ingestion pathway EPZ may not be feasible because of the lack of resources. Adequate control of milk can then be obtained by monitoring at the transfer and collection points. Decisions concerning the sampling and/or monitoring locations chosen should be based on the available personnel and equipment.
3.1.1 Production Level
Ideally, milk should be sampled and/or monitored at each producing dairy farm to prevent the contaminated milk from being mixed with uncontaminated milk. Depending on the locality and number of dairy farms, the resources available, and severity of the accident, sampling and/or monitoring at each producing dairy farm may or may not be feasible.
Monitoring and/or sampling at the production level may be the most practical option in some accidents, as for instance when there is a less severe accident, only a small portion of the ingestion pathway EPZ is affected by the passage of the plume, and the radionuclide deposition affects only a small number of producing dairy farms. However, for this monitoring to be acceptable, it should be confirmed that only a small portion of the EPZ has been affected. Confirmation can be obtained by: 1) information from the dose projection system of the nuclear power plant, 2) the plume exposure rate verification system monitoring,
 and 3) monitoring by the Aerial Measuring System (AMS) aircraft; alternatively confirmation might be obtained from the Atmospheric Release Advisory Capability (ARAC) if it is available and can be set up in time to make the analysis. (See Appendix C for details about the various Federal assistance programs). The use of AMS or ARAC systems should be incorporated into the monitoring plan; otherwise their use for this purpose on an ad hoc basis may be very ineffective.

For example these components might be integrated in the following fashion: the utility projects that only a five square mile area (based on its predicted release and meteorological conditions) immediately down wind of the reactor will be affected by radionuclide deposition. ARAC projections and information from the plume exposure rate verification system also verify the projections. AMS measurements identify the area of deposition to be one mile wide and five miles long. This information is relayed to the Emergency Operations Center (EOC) where, using information about farms in the EPZ from the emergency plan, it is determined that only a limited number of producing dairy farms may be affected by the release.

Two types of producing dairy farm operations must be considered: 1) those producing fluid milk for a processing plant, and 2) those producing fluid milk for use on the farm or for processing on the farm and subsequent direct sale to consumers (family farm). Monitoring at any level in the milk pathway, prior to dilution by milk originating from outside the contaminated area, will detect contaminated milk originating from the first type of producer. However, the only way to detect contaminated milk produced at the second type of producer is by sampling and/or monitoring at family farms.

Determining the location and numbers of these farms and keeping this information current in the emergency plan may be extremely expensive. Depending on the resources available in a given locality, one possible means to avoid potential dose from milk produced at family farms would be for the emergency plan to call for a public announcement to operators of family dairy operations not to consume milk until monitoring could be done, and that such monitoring will be done as requested. This approach will require that personnel and instruments be available to do the requested monitoring, and that a mechanism to receive the requests is included in the emergency plan. For example, the announcement of a phone number the farmer can call to have monitoring performed could be made over public broadcast. A telephone operator would take the calls and dispatch monitoring teams (possibly via two way radio) to requesting farms in the EPZ. Even if this approach is used, it would appear advisable to make an initial determination of the number of family farms in the EPZ in order to get an estimate of the monitoring resources needed. This information should be updated every few years to ensure monitoring resources are sufficient and should provide for occasional contact with the farmer to keep him apprised of the program.
3.1.2 Collection and Transport Level
A large number of producing dairy farms may exist in the 50 mile ingestion EPZ, as demonstrated in the example in Section 2 of this document. Because of the logistics, and the personnel and instrumentation required, sampling and/or monitoring at each farm over this large area is impractical. Therefore, milk should be monitored at the next level in the milk supply pathway, the collection and transport or processing level.

The use of separate milk receiving stations is declining; however, if receiving stations are in use in the milk shed, milk should be monitored at this level, before it is mixed with milk from outside the EPZ. The FDA has adopted the position that mixing of known contaminated and uncontaminated milk to produce a lower level of contamination, perhaps below the derived preventive response level, is a form of adulteration and is prohibited by the Food Drug and Cosmetic Act.

3.1.3 Processing Level
If the collection or transfer locations are not in use and if monitoring at each farm is infeasible, milk should be sampled and/or monitored at the processing plant. It is likely that some of the milk produced within the EPZ will be shipped to processing plants outside the EPZ and that not all of the milk arriving at a processing plant within the EPZ will originate at farms within the EPZ. Also, processing plants may be tens or perhaps hundreds of miles from the producing dairy farm. These facts need to be considered in the emergency plan when considering deployment of personnel for sampling and/or monitoring.

In keeping with the philosophy of monitoring as near the production level as possible, tanker trucks arriving at the processing plant should be monitored before unloading. In this manner the source, or at least the general area of contaminated milk production, can be determined and additional monitoring efforts can be focused in that area. If monitoring and/or sampling of arriving shipments is not feasible, the mixed, cooled milk in the silo should be monitored. If this milk cannot be monitored, then the pasteurized milk should be monitored before packaging. Planning to monitor beyond this point in the processing procedure is not recommended.

The further along in the process flowsheet that monitoring is accomplished the more likely it is that contaminated milk will be diluted. This dilution would reduce the dose to the individual, but, as noted, is contrary to the FDA position on adulteration. In addition, the later in the processing procedure that monitoring takes place, the more likely it will be that the products will be consumed by the public.

3.1.4 Market Level
Monitoring fluid milk at the market level serves as a confirmatory final check to assure that contaminated milk is not reaching the public. Products of processing plants which are packaged for direct home delivery should be monitored before leaving the processing plant. It would be advisable from a logistical standpoint to monitor packaged milk destined for retail outlets at the processing plant prior to distribution to the outlets; however, if unmonitored milk has passed beyond the processing plant stage, monitoring can be accomplished at the outlets. If a processing plant produces fluid milk or other products for other than direct sale to consumers, these products should be monitored and decisions made as to the acceptability for the intended use.

The existing EPA Milk Monitoring Network and FDA Total Diet Studies (Appendix C) should be used as confirmatory monitoring programs at the market level. The emergency plan should include provisions for the intensification of these existing Federal monitoring programs in the affected area (i.e., the area of potential sale of contaminated milk products) upon the request of the State or local authority. To assure that acceptable levels of radioactive contamination will not be exceeded in consumer products, the emergency plan and implemented protective actions should use these two Federal programs.

3.2 Protective Actions
The FDA recommends protective action be based on evidence that milk is contaminated and should not be based solely on a projected dose calculated from air concentration.
 The protective actions recommended by the FDA to reduce dose from contaminated milk are: 1) remove cattle from contaminated feed and place on uncontaminated feed, 2) condemn and dispose of milk that exceeds the derived emergency response level, and 3) divert milk contaminated to levels below the derived emergency response level, to allow for decay of radioiodine. This milk may be diverted for later use as processed milk products.

Cattle may be placed on uncontaminated feed by substituting stored feeds or uncontaminated feed produced outside the EPZ. The dose reduction achieved will depend on the delay between the contaminating event and the time cattle are placed on uncontaminated feed. For example, if the protective action is instituted ten days after the contaminating event, only 25% of the I-131 dose and 60% of the Cs-137 and Sr-90 dose will be avoided. The difference in dose reduction for these elements results from the differences in actual nuclide half-life and their effective half-life on vegetation, 5 days for radioiodine and 11-14 days for the radiocesiums and radiostrontiums.

Once a cow has eaten contaminated forage, substitution of uncontaminated forage will not immediately eliminate production of contaminated milk, but will slowly reduce it. The metabolism of the cow is such that radioiodine will begin to appear in the milk within 3-4 hours after ingestion. After 10-12 hours, 3-4 percent of the radioiodine will be secreted per milking. This percentage will decrease with time until at 100-200 hours after ingestion an insignificant fraction (0.1%) is being secreted into milk.  (This model assumes a single feeding, with twice daily milking and 80 percent 71 discharge for all milkings.
)

Figure 3 illustrates a problem that may be encountered in milk monitoring during an accident. If milk is sampled before I-131 reaches its peak concentration (less than 3 days), the concentration may be below the derived preventive response level and theoretically no protective action will need to be taken. However, I-131 activity will be increasing in milk (in this example) and in 3 days reaches the derived preventive response level. This potential problem should be considered by the person making decisions on protective actions. The model used to generate the curve in Figure 3 is described in Appendix D. Also shown in Appendix D are concentration curves normalized to unit deposition for the following nuclides: I-131, I-133, Sr-89, Sr-90, Cs-134, and Cs-137.

The curve in Figure 3 is based upon continuous radioiodine ingestion from a single contaminating event. If the gaseous release occurs over a prolonged time period (days) or there are multiple releases such that the pasture receives multiple depositions of radioactive contamination, the shape of the curve will change somewhat to form a plateau at some maximum concentration and then begin to decline exponentially at approximately three days after the last ingestion. Under these multiple or prolonged deposition conditions, it will be necessary to continue milk monitoring for several days following the cessation of the last release.
*See Figure 3 for Image*
Figure 3.  I-131 Concentration in Milk Prior to Milking for a Single Contaminating Event with an Initial Deposition of 0.13 µCi/m2 (See Appendix D)
Protective action may be taken by diverting contaminated milk to milk product production. Use of a special ultra-high temperature pasteurization process
 followed by prolonged storage at reduced temperature, to allow radioactive decay of radioiodine, could reduce contamination in milk to levels acceptable for public consumption. The use of an ultra-high temperature pasteurization process, however, is probably not practicable unless the process is already in use prior to the emergency. Diversion of contaminated fluid milk to manufactured milk products may be more readily accomplished on producing farms which supply milk to a large processing plant.

Caution should be exercised in determining whether milk should be diverted or condemned. While milk contaminated with radioiodines to levels below emergency response levels may be diverted for later use in milk products because of the short half-lives of its nuclides, this is not possible with milk contaminated to these levels with cesium and strontium radionuclides. The relatively long half-lives (> 50 days) of these nuclides make it unreasonable to withhold products from market for a period of time sufficient to assure decay of these nuclides. Therefore, diversion of contaminated milk is not an acceptable practice in accidents where significant amounts of cesium and strontium have been released.
3.3 Information and Planning Needs to Develop a Site Monitoring System
Before an adequate monitoring plan can be prepared, input data on the specific local situation must be assembled. The following are the minimum information needs for the area within the ingestion EPZ:
1. The number and location of producing dairy farms, including family farms with cows.
2. The general feeding regimen and quantity of milk produced. The feeding regimen is important because those producing farms which pasture cattle or feed fresh chop will have higher contamination levels in milk than farms using silage and stored feed. The season of the year as well as local conditions that affect use of stored feed and pasturing are also important factors.
3. The end use of the milk produced on each farm. It must be determined whether the farm sells processed or raw milk directly to the public or if it sells milk to a processing plant either directly or through a marketing or operating cooperative.
4. The method of milk delivery to the processing plant from each farm. Determine if the shipment is direct to the processing plant or through a receiving station and determine the method and frequency of shipment.
5. The distribution of milk products. Determine if the processing plant acts as a jobber for processed milk, and determine the area over which the milk products are distributed.

3.4 Survey Team Personnel Considerations
Survey team personnel requirements will be dictated by the number of dairies, transfer points, and processing plants (i.e, the milk shed) in any given sector within the ingestion pathway EPZ. A generic description of a milk shed was presented with an illustrative example in Section 2.2.4 of this document. The description and illustration provide an estimate of the logistics involved in determining personnel necessary to satisfy monitoring requirements.

Part of the personnel needed for survey teams may come from the plume exposure rate verification monitoring teams. If additional personnel are required for milk monitoring teams, the requirements should be met in accordance with criteria in NUREG-0654.
 The criteria for selecting personnel from the community should include: 1) select personnel residing in communities within a 20-mile radius surrounding the nuclear facility, 2) select personnel likely to remain in the community for a long period of time, and 3) select personnel from State and local government employees, preferably Department of Agriculture personnel since these individuals are already trained in the appropriate sampling procedures. Staff from the reactor facility who have no radiological emergency assignment may also be used on monitoring teams. State or local police should not be assigned to survey teams since they will be needed for other emergency functions. If personnel requirements cannot be met from the above resources, the DOE Regional Coordinating Office will provide, upon request, survey teams from available Federal resources.
Use of personnel selected from the above resources with little previous experience with radiation will require an education program in the characteristics of ionizing radiation and its hazards. All personnel assigned to monitoring teams will need training in monitoring plans, monitoring procedures, and sampling techniques. This training could be provided by qualified personnel from the nuclear facility staff as well as those from the involved State Governmental agencies. The training program should be periodically updated with test exercises, additional training, and review courses.

3.5 Monitoring Requirements for a Sample Site

The resources required to adequately monitor milk in the ingestion EPZ will vary depending on which level in the milk flow pathway is monitored. For the example given in Section 2.2.4, there are approximately 340 dairy farms (Class A and Class B) in the Illinois portion of the 50-mile EPZ; there are estimated to be another 200 to 300 dairy farms in the Iowa portion. The personnel and instrument requirements make monitoring at the dairy farm, in this situation, a very difficult task. Monitoring for this illustration should therefore take place at transfer and receiving stations and at pasteurization plants that receive milk from farms in the EPZ.

The milk produced in the Illinois section of the 50-mile EPZ is transported to 2 pasteurization plants and 10 transfer or receiving stations. Twelve monitoring personnel, one for each location, would be required to initially monitor at these points. Since the monitoring would be performed for more than 24 hours, in 12-hour shifts, an additional 12 monitors would be required. Based on the projected number of receiving and transfer stations and pasteurization plants in Iowa, another 12 to 24 monitors may be required (for 24-hour coverage). The total for both states for 24-hour coverage would thus be 36 to 48 monitors. In addition, if the public advisement option is used for family farms, additional monitoring teams as well as personnel to receive phone calls would be required.

3.6 Evaluation of Sampling and Monitoring Procedures and Instrument Systems

Several systems have been evaluated for emergency field monitoring (see Section 3.6.2). The problem of emergency field monitoring for cesium and strontium in milk is very complex because any operating reactor scenario which would produce an airborne release of cesium and strontium would also release many other short-lived fresh fission product nuclides; these other nuclides would interfere (give erroneously high readings) with gamma measurements for cesium or gross beta measurements for strontium. However, as discussed previously, based on the RSS source terms, the dominance of radio-iodine in milk eliminates the need to field monitor cesium and strontium on an emergency basis for most reactor accidents: if no radioiodine is found in milk, the probability of cesium and strontium contamination is unlikely. This is true even if, as it is being evaluated, the RSS source terms for radioiodine are too high by as much as a factor of 10. However, cesium and strontium analyses cannot be ignored; these analyses of milk should be performed in a laboratory using sophisticated equipment and procedures and should serve a confirmatory function.

However, if the revised radioiodine source term is found to be more than a factor of 10 lower or if the revised source terms for the other nuclides should increase, then cesium and strontium may become the dominant radio-nuclides of concern for emergency monitoring. If this is the case, the emphasis of emergency monitoring will have to be changed accordingly and be directed toward monitoring for cesium and strontium. Also, in other types of accidents, e.g., fuel element transportation, reprocessing etc., in which cesium and strontium may be dominant radionuclides, a gross gamma survey may be sufficient for emergency field decisions on protective actions such as condemnation of fluid milk supplies. The necessary sampling and analytical methods for cesium and strontium are discussed in sections 3.6.1, 3.6.4, and Appendices E and F of this report.
3.6.1 Analytical Problems
Cesium radionuclides decay with characteristic gamma ray energies which make field monitoring potentially possible. If cesium were present alone, or in the presence of strontium, a calibration curve could be constructed which would account for the presence of Cs-137 and Cs-134. Yet, if there is a significant concentration of radioiodine in milk, or a mixture of fission products that obscure the cesium spectrum, it will be very difficult to determine the cesium present without the use of computer based gamma spectrometric equipment. A technical discussion of the problems encountered when using gamma spectrometry for milk analysis is provided in Appendix F.
Strontium radionuclides are pure beta emitters and therefore strontium analysis of milk samples requires wet chemical separation procedures. The classical radiochemical method involves the separation of strontium from its yttrium daughters. New yttrium daughters are allowed to grow into the strontium fraction, and a second yttrium separation is made, followed by counting of the yttrium daughters by beta counting methods. The complexity of this method precludes use on an emergency basis in the field.
3.6.2 Instrument Systems and Monitoring Methods for Radioiodine
Instruments for measuring radioiodine must sensitive enough to detect radioiodine at both levels, 0.015 pCi/L (15,000 pCi/L) preventive and 0.15 pCi/L (150,000 pCi/L) emergency; in addition, the instrument must also be able to perform under field conditions and must be relatively simple to use for personnel with nontechnical backgrounds. 

Six instruments were evaluated for acceptability for field use under a test program for the FRPCC Subcommittee, funded by the NRC.
 The instruments evaluated were:
1. A CDV-700 Model 6B ratemeter, equipped with a standard OCD-D-103 GM probe for gross beta-gamma counting.

2. A CDV-700 Model 6B ratemeter, equipped with a Victoreen 6306 bismuth loaded GM probe and a 0.127-cm lead + 0.08-cm copper shield for gross gamma counting.

3. A Ludlum Model 2200 scaler-ratemeter with a single channel analyzer equipped with an Eberline SPA-3 2x2 in. Nal(Tl) probe for gamma counting.

4. A Victoreen 490 Thyac III ratemeter equipped with a 489-4 GM probe for gross beta-gamma counting.

5. A Victoreen 490 Thyac III ratemeter equipped with a 489-55 Nal(Tl) probe for gross gamma counting.

6. An Eberline SAM II scaler-ratemeter (two channel analyzer) equipped with a RD 22 Nal(Tl) probe for gamma counting.

Of these six instruments, two were suggested for field monitoring in the NRC
 document based on cost, ease of handling, sensitivity and durability: the CDV-700 with the 6306 GM probe, and the Thyac III with the 489-55 Nal(Tl) probe. It should be noted that the 6306 probe consists of an organically quenched GM tube inside a specially constructed lead and copper shield. The inherent limited lifetime of organically quenched GM tubes could be a problem for any agency expecting to use these detectors for any extended period of time (life expectancy equals approximately 10
 counts).

A certain level of detection exists below which activity from radionuclides in milk cannot be distinguished from background activity. The level where the two can be individually distinguished is called the minimum detectable level (MDL) of activity (i.e. sensitivity) and it varies for each instrument. (A discussion of MDL is presented in Appendix G). Minimum detectable activities for the CDV-700 ratemeter with three different GM probes have been determined
 and are presented in Table 9. In the NRC report
, the MDLs for the Thyac III instrument are determined with three different probes; this information is presented in Table 10. The MDLs were determined using an immersion method of milk monitoring which will be discussed in the next section.

The three GM probes listed in Table 9 are capable of detecting contamination at the derived emergency response level but none is applicable at the derived preventive response level if the immersion method is used. The same conclusions were reached in the FDA document.
 MDLs were also calculated for the CDV-700 with the 6306 GM probe based on work by the authors on and information in the NRC evaluation
; the MDLs determined for this probe are in close agreement with the values in Table 9.

Table 9.  Sensitivity for I-131 Using CDV-700 and GM Probes by Immersion Techniquesa

*See Table 9 and 10 for Image*
Table 10.  Sensitivity for I-131 Using a Thyac III with GM and NaI(T1) Probes

*See Table 9 and 10 for Image*
The evaluation of the three probes with the Thyac III instrument in the NRC report (and as presented in Table 10 and Appendix H) indicate all the probes are capable of detecting I-131 at the emergency PAG level using the immersion method. However, only the 489-55 NaI(Tl) probe has the sensitivity to detect I-131 at the preventive PAG level. The adequate sensitivity of the 489-55 NaI(Tl) probe is also noted in the NRC document
, which evaluated that probe and the 489-4 GM probe.

If an anion exchange resin is used to concentrate radioiodine, the detection sensitivity can be increased such that I-131 can be detected at the preventive PAG level in a much smaller volume of milk with the 489-55 NaI(Tl) detector. However, at least 3-4 liters of milk must be passed through the resin in order to obtain sufficient activity to be detectable. Porter and Carter
 and Porter, et al.
 have described the methods, material and apparatus needed for the ion exchange resin procedures (see Appendix E).

3.6.3 Milk Sampling and Monitoring Methods for Radioiodine
Milk sample collections for radionuclide monitoring should follow the State approved procedures for taking milk samples for nonradiological analyses. This should prevent the bulk milk supply from being contaminated by nonradioactive materials during the sampling process. If possible, the milk samples for radiological monitoring should be collected by the same State personnel who are familiar with the approved collection procedures and are responsible for routinely collecting the milk samples for nonradiological analyses. Methods of monitoring milk for radioiodine include: 1) container counting in which a volume of milk is counted directly either by immersing a protected probe in the container or by placing the probe on the outside surface of the container, or by 2) sample concentration followed by measurement of the concentrated sample.

Several options exist for monitoring milk by container counting. The first method considered involves placing a probe on the surface of a sample collection container, such as a "Jerri Can," milk truck tank or milk storage tank and determining the concentration. This method requires development of calibration curves for each type of container or tank, since gamma rays from the iodine in the milk will be attenuated to greater or lesser degrees depending on the wall thickness and composition of various containers.

The second container counting method involves immersion of a probe into a milk truck tank or storage tank. This method cannot be recommended since the U.S. Department of Agriculture prohibits further insult of milk to be used in interstate commerce (i.e. inserting a protected probe into the milk)
The third method involves immersing a protected probe into a container of milk.
 An insert is placed in a container so that the probe can be held in the center of the container. The probe is then lowered into the container and the count rate determined. The minimum container and sample size used for this technique is a 20 liter sample in a container with the dimensions of 12" in length x 9" in width x 10" in height; this is the optimum container size and configuration as determined from an International Atomic Energy Agency (IAEA) study
 A schematic of the technique is presented in Figure 4.

*See Figure 4 for Image*
Figure 4.  Schematic Diagram of the Immersion Technique for Milk Monitoring

In the NRC report, a calibration curve is developed for a Victoreen 490 Thyac III ratemeter with a 489-55 Nal(Tl) probe (Figure 5). The information used to develop this curve is provided in Appendix I. The curve requires the recommended IAEA container configuration (12" x 9" x 10" Jerri Can) and sample volume (20 liters). The curve considers the presence of iodine isotopes other than I-131 in milk but no particulates, such as cesium and strontium.

This instrument system is sensitive enough to detect I-131 in milk at the preventive response level. However, this method should only be used when the reactor incident results in a release of iodine and noble gases (not particulates) since the data in Figure 5 are specific for radioiodine. Information on the composition of the release should be available from the utility Emergency Operations Facility (EOF) during the incident. Since it will not be necessary to begin milk monitoring until several hours after the start of the release, this information can be used to determine if this method is adequate, i.e., if any long-lived particulates are released.

*See Figure 5 for Image*
Figure 5.  Calibration Curve for the Immersion Technique Using a Thyac III with 489-55 NaI(T1) Probe
In summary, for the immersion method, a protected detector probe (in a sleeve or insert) is placed in the milk container. The net count rate in counts per minute (cpm) is determined. Calibration curves for the appropriate instrument system (that have been developed prior to the accident) are used to determine the activity present in the milk. The milk activity (μCi/L) is then compared to the derived response levels to provide a basis for determining appropriate protective actions.

A fourth method for monitoring radioiodine in milk involves sample concentration. The method involves the collection of a 3-4 liter sample of milk and passing the milk through a column of strongly basic anion exchange resin
 (see Appendix E). A gross gamma measurement may be made in the field by placing a hand-held NaI(Tl) detector against the side of the ion exchange column. The net countrate determined by this measurement is then compared to a previously developed calibration curve to determine if the I-131 concentration in the milk has exceeded either the preventive or the emergency response levels. The sensitivity of the ion exchange method can be increased without an increase in the complexity of the method by using a larger volume milk sample.

Emergency field monitoring will occur early during the normal 4-8 day delay period before the milk is marketed; therefore, other nuclides, which will interfere with the accurate detection of I-131 may be present. Accordingly, the ion exchange method (the fourth method discussed) has advantages over the immersion methods.

Both methods require making corrections or allowances for the presence of nuclides other than I-131 when developing the calibration curves. However, several additional disadvantages of the immersion technique exist: 1) it requires that the accident scenario be known at the time of field monitoring in order to use the correct calibration curve, 2) a hand-held NaI(Tl) detector system has sensitivity enough to detect I-131 at the preventive response level using the immersion method. However, this instrument system and monitoring method cannot be used if the radionuclide release includes a significant amount of particulates such as strontium and cesium, 3) this technique requires a large (20 liter) sample, and 4) there are problems with the preservation, storage, and shipment of samples for more sensitive analyses under laboratory conditions.

If, in comparison, the ion exchange method is used, the additional radionuclides which could be present in the raw milk sample will not be retained by the anion resin and, therefore, will not interfere with the monitoring for I-131. The ion exchange method calibration curve allows for the presence of only iodine radioisotopes. The ratio of an individual radioiodine isotope to the total reactor core inventory of radioiodine is well known, and since only one element is involved, the uncertainty as to release ratio is greatly reduced. Secondly, the ion exchange resin can be returned to a laboratory for further analysis by more sensitive methods. The laboratory analysis would give a measurement of the exact contamination level, if any, without the necessity of resampling. Thirdly, the ion exchange resin method requires a small sample (1-4 liters) and the resin is in a stable solid form, thus reducing the problems associated with preservation, storage, and shipment to a laboratory.

The monitoring equipment (probes and ratemeters) are the same as the standard commercial NaI(Tl) portable scintillation counters recommended in the Phase 1 document,
 so that the emergency teams should be familiar with the equipment. A discussion of instrument characteristics and sample labeling procedures is given in Appendix E.

The monitoring teams should be trained to determine if the milk can be released to the fluid milk market or held for diversion or destruction. The emergency plan should contain provisions for handling the diversion of fluid milk to manufactured milk products or for disposal of condemned milk. However, the decision to dispose or divert the milk should be made by the responsible State health officials. Ideally, the monitoring team should have the authority to impound (i.e., prohibit use of or transport of) milk that has been determined to be contaminated to levels between the preventive and emergency response levels; until the responsible State health officials arrive at a final decision regarding disposition. However, this may not be necessary for the following reasons: 1) public announcement could prevent the consumption of milk even if the milk were distributed and then found to be contaminated above the preventive response level, and 2) the projected acceptable dose commitment of 1.5 rem to thyroid and 0.5 rem to whole body and red bone marrow at the preventive response level (e.g., 15,000 pCi/L for I-131) is based upon a 6-8 day milk consumption; therefore, the preventive PAG would not be exceeded even if the milk supply were interrupted one or two days after the milk sampling and milk had been consumed.
3.6.4 Sampling and Analytical Methods for Radiocesium and Radiostrontium
The emergency plan should provide for monitoring of cesium and strontium in milk, even though the initial decision on use of the milk can be based on radioiodine measurements. The plan should include provisions for sample collection and analyses.

Two alternatives for field sample collection for cesium and strontium determination at a laboratory are: 1) collecting a one liter sample of milk, or 2) passing at least a liter of milk through a cation (not the anion resin used for measuring iodine discussed previously) exchange column and retaining the resin for laboratory analysis.
 Sampling for laboratory analysis should be performed at the same time milk is monitored for radioiodine. Collecting a fluid milk sample will require some method of preservation, preferably by cooling until the milk can be analyzed. Use of cation exchange resin does not require preservation once the milk has been passed through the column, but using this method in the field will require taking additional equipment (ion exchange column) and chemicals (complexing solution) into the field during the emergency. The cation exchange method requires that a complexing solution be added to the milk and mixed well prior to passing through the cation exchange column. Poor mixing will result in inaccurate analysis. The milk sample or cation exchange resin should be sent along with the anion exchange resin from the radioiodine determination to a predetermined laboratory for analysis.

A field determination of radiocesium concentration in milk could be obtained by counting the cation exchange resin using the same method as with the anion resin for radioiodine determination. Use of this method in the field would require development of calibration curves prior to the emergency.
However, determining radiocesium concentration in the field is not recommended because of potential inaccuracies (as noted below) and the fact that the initial emergency decision can generally be based solely on radioiodine concentration in milk.

An uncontrolled release of radioactivity may contain a complex mixture of beta and gamma emitting nuclides. Radiocesium, a gamma emitter of primary concern, is best analyzed by gamma spectroscopy which requires a multichannel analyzer, a stablized power supply, and computer-based reference spectra for determining the quantities and species of nuclides present in the sample. Many of the gamma emitters which may be found in the initial release source term are very short lived. Therefore, measurements of gross gamma activity using field instruments may lead to the wrong conclusions with regard to protective actions of the milk pathway.

There are no field methods available for the analysis of radiostrontium. It has been suggested that gross beta radiation field readings could be taken with a thin window GM detector and a number of assumptions made about the quantities of other radionuclides present, thus giving an estimate of the radiostrontium content in the milk sample. This method is not sensitive and it is very inaccurate for the following reasons: 1) following a release of fresh fission products, the fluid milk sample could contain a complex mixture of beta emitting nuclides (both reactor produced and naturally occuring); the makeup of this mixture will be dependent upon the reactivity (i.e., plateout) of the nuclides which will affect the nuclide release ratios and upon differences in the environmental cycling of the released nuclides. Therefore, the probable radionuclide mixture in the milk sample cannot be accurately predicted without laboratory measurement; 2) the beta energy of strontium-90 is much less than that of other nuclides likely to be present in a bulk milk sample; therefore, the strontium-90 radiation will be affected to a greater extent by self absorption in the fluid milk or by attenuation by the walls of the sample container; 3) use of cation exchange resin will reduce the number of interferring beta emitters; however, self absorption in the resin is such that an accurate gross beta measurement cannot be obtained by a direct measurement of the resin.

As discussed previously, there is no reason to perform radiostrontium and radiocesium analysis on an emergency basis. For these reasons, the analyses are best performed under laboratory conditions. (A more complete technical discussion of analytical procedures and problems encountered in determining concentrations of radiocesium and radiostrontium in milk is presented in Appendix F.) Accordingly, rather than focusing on field analysis of strontium or cesium, the emergency planner should be more concerned with the logistics of getting milk samples to the proper facilities (radiochemical laboratories) for analysis.

It is not feasible to have sufficient computer based gamma counting systems available near each reactor site to respond to emergency situations. Rather, there are several mobile systems which could be brought to the site of an accident in an emergency. These include the systems based in Montgomery, Alabama and Las Vegas, Nevada, operated by EPA and the mobile system, containing two Ge detector systems, operated out of the Idaho National Engineering Laboratory. All of these mobile systems have ongoing functions in research and surveillance programs. They could be called upon for radiological emergencies if appropriate approvals have been prearranged. Other National Laboratories may also have similar mobile systems that could be used. The use of these systems have the advantages that they are manned by trained personnel and, because they are in routine use, do not have to be activated for an emergency. These systems could be included in state emergency plans in addition to the normal emergency response equipment maintained by DOE laboratories in conjunction with those normally provided under the Federal Radiological Monitoring and Assessment Plan (FRMAP).

3.7 Summary of Monitoring Options
Prior to an accident, the emergency planner must choose where in the milk production chain (farm to market) to monitor for potential contamination. The choice will probably be governed by the number of dairy farms within the EPZ and the availability of personnel and equipment. Sites that contain a large number of producing dairy farms may be limited to sampling and/or monitoring at transfer points or processing plants; sites with limited numbers of dairy farms may choose to sample and/or monitor at the producing farms. Also, a provision should be made for monitoring at family dairy farms.

The emergency plan should contain provisions to monitor all of the milk produced in the ingestion EPZ. The emergency planner must choose the manner in which to deploy the monitoring teams after an accident. It should be determined whether the whole or only part of the EPZ monitoring plan should be put into effect. This decision should be based on available data: 1) dose projections obtained from the facility operator; 2) information about the area covered by the plume and hence the area of potential production of contaminated milk obtained from the plume verification system. This information from the plume verification system should be utilized to determine whether emergency protective actions such as placing cattle on stored feed should be implemented to reduce the potential for milk contamination; and 3) information on the extent of the contamination spread obtained from Federal resources such as AMS and other field monitoring teams. It should be remembered that the deployment of the milk monitoring teams does not need to be started for 18-24 hours after the start of an accident release since the pathway of concern involves a time delay before contaminated milk will be available for consumption.

The emergency planner must choose the measurement technique to be used in monitoring. The choice will probably be governed by the physical size of the milk shed, the number of dairy farms and processors, the number of family farmers with cows within the EPZ, and the number of processors outside the EPZ using milk produced inside the EPZ. Several measurement options are available ranging from field measurement of all nuclides that contribute significantly to the dose to field sampling with all measurements done at central facilities. The best option is probably a combination of the two extremes: partial field measurement supplemented by analyses under laboratory conditions for activities not measured in the field.

In comparison, total analysis in the field requires extensive use of sophisticated instrumentation which is best used by highly trained personnel. Even with this type of instrumentation, some chemical separations, impractical in the field, will be required to measure some of the nuclides accurately. Similarly, returning all samples for analysis under laboratory conditions is also unsuitable since this would require more time than is available. Fluid milk is a perishable commodity and decisions on use cannot wait for the return of analytical results. Rather, field measurement of the radioiodine content of milk can be made with simple instrumentation and limited chemical separation; this measurement is sufficient to provide a basis for the emergency decision regarding use of the milk. Once this decision has been made consideration of other nuclides potentially present in the milk can wait for analysis in a laboratory.

At the laboratory, many samples will arrive for cesium and strontium analysis (milk or cation exchange resin). The samples should first be analyzed for gamma-emitting radionuclides by nondestructive spectrometric methods, preferably using Ge detectors. Following the gamma scans, all or a portion of the samples can be used for strontium analysis. The number of samples and the time required for analysis, particularly for strontium, dictates that a system be established to assign the following priority to samples: 1) radiocesium analysis of those samples that show the presence of radio-iodine in the field monitoring; 2) strontium analysis of those samples showing the highest iodine and cesium content; and 3) confirmatory analysis of remaining samples for cesium and strontium.
4 RECOMMENDED MONITORING SYSTEMS AND PROCEDURES
The recommended procedure for making the initial emergency decision on control of potentially contaminated milk is based on the radioiodine concentration in the milk. For the reactor accident radioactivity release scenarios evaluated, milk will contain higher concentrations of radioiodine than other radionuclides. If milk is monitored and protective actions are taken based on radioiodine, these actions will eliminate problems with other undetected long-lived radionuclides at the preventive response levels. Any milk above the iodine emergency response level will be condemned regardless of other long half-life radionuclide content and the milk below the radioiodine preventive response level also will be below the other long half-life radionuclide derived response levels.

However, if milk is contaminated at levels between emergency and the preventive response levels for radioiodine, caution should be exercised in determining whether the milk should be diverted or condemned. Below the emergency and above the preventive response levels, diversion of milk for later use in milk products may be an acceptable protective action for milk contaminated with radioiodine. However, the potential presence of radiostrontium, radiocesium, and other long-lived radionuclides at concentrations above their respective preventive response levels may preclude diversion as a protective action. Due to the time delay inherent in the radiocesium, radiostrontium, and other long half-life radionuclide analyses, unless there is a mechanism to segregate this milk until results of the analyses are available, this milk should be condemned rather than diverted. Figure 6 is a flowchart showing these decision-making relationships with regard to diverting or condemning contaminated milk.

Milk should be monitored and controlled as close to the production level as possible. However, monitoring at the individual producing dairy farms may not be feasible with the resources available. If the decision is made not to monitor at the producing dairy farms, then monitoring should be performed at all transfer and receiving stations. Whatever decision is made with regard to the point to be monitored, plans should be established and personnel trained to carry out the monitoring prior to the accident. Specific personnel should be assigned to these functions to cover the time period needed and the plan should be exercised periodically.

*See Figure 6 for Image*
Figure 6.  Flowchart of Decision Making Relationships Regarding use of Potentially Contaminated Milk

Based on the existing information, the recommended monitoring method for radioiodine is the sample concentration method using column anion resin exchange followed by measurement with an instrument equivalent to the Victoreen Thyac III ratemeter with a 489-55 Nal(Tl) detector in a fixed, efficient geometry. This method can be used for field monitoring at the preventive response level. The immersion method using a Nal(Tl) detector is also sensitive enough to detect I-131 at the preventive response level. However, this method should not be used if the release contains significant levels of long half-life radionuclides other than noble gases and iodines (i.e. particulates such as cesium or strontium).

The use of portable gross counting equipment for monitoring radionuclides other than radioiodine in the field cannot be recommended. The assumptions necessary for using this type of equipment with mixed nuclide sources make the results too uncertain for adequate monitoring. Portable gamma spectrometric analyzers could be used if sufficient numbers of this type of equipment were available along with trained personnel for their use. Use of gamma spectrometric analyzers would give reasonable results for gamma emitting nuclides, but would not resolve the problems with pure beta emitters (i.e., the strontium nuclides).

The recommended procedure for determining the level of radiocesium, radiostrontium, and other long half-life radionuclide concentrations in the milk is field sampling at the time milk is monitored for radioiodine, followed by analysis under laboratory conditions (i.e., either at a mobile laboratory or a central laboratory). The alternatives for sample collection are: 1) collection of a fluid milk sample, or 2) passing milk through a cation exchange column and retaining the resin for analysis. If properly trained personnel are available and the necessary equipment has been obtained prior to the accident, then the ion exchange method is the recommended alternative. However, if trained personnel or resources are not available, it is recommended that a one-liter fluid milk sample be collected and preserved until such a time that it can be analyzed. Formaldehyde can be used as a preservative if only cation analysis is required; however, if formaldehyde is added to raw milk prior to radioiodine collection by anion resins, serious analytical errors can result.
Personnel, instruments, and other resources required to monitor any milk shed will be site specific. It is recommended that the emergency planner evaluate the local situation, determine the resources necessary to monitor the milk shed, and request Federal assistance for any resources needed that are not available at the local level. Assistance can be obtained from Federal agencies through the FRMAP (Appendix C). The emergency plan should include provisions to request assistance from Federal agencies and provide facilities for them.

4.1 Deployment of Monitoring Systems
Milk monitoring teams do not have to be deployed immediately after release of radionuclides during an accident. Radionuclides will appear in milk several hours after dairy cattle consume contaminated forage and will reach a peak between 24 and 36 hours after a single ingestion of the contaminated feed. The decision to deploy the monitoring teams should be based on the accident source term and the transport and diffusion characteristics of the existing meteorology. Information on the magnitude and duration of the radioiodine release should be available from the licensee EOF. The meteorological characteristics within 10 miles of the plant during the release, as well as the general meteorological conditions from nearby National Oceanic and Atmospheric Administration (NOAA) weather stations are available from the plant. The release information and the meteorological data will serve as input for computer predictions of the radioiodine concentrations and depositions in various sectors downwind from the plant. These predictions either can be made by the plant operator or can be determined by some other dose projection system (e.g. ARAC, See Appendix C). If available, once the plume has dispersed, the Aerial Measuring System (AMS, See Appendix C) can be used to determine the radioiodine deposition on surfaces. The 2 Plume Exposure Rate Verification System, which will probably be deployed in any accident, may not be usable for making decisions to deploy the milk monitoring teams. The iodine air sampler used in this system is designed to monitor activity levels which will cause unacceptable dose from inhalation of the airborne plume. Because of the accumulation of deposited activity on forage, air concentrations which might not result in unacceptable dose from inhalation, may result in sufficient deposition to produce doses above the preventive PAGs for milk. For example, the iodine air sampler has a sensitivity on the order of 10-7 μCi/cm3 for I-131 in air. The air concentration necessary to produce the preventive PAG for milk can be calculated if a plume exposure time is assumed by:

Surface Concentration = Air Concentration x Deposition Velocity x Time

For a two hour exposure, the plume concentration necessary to deposit I-131 at the preventive PAG level will be:
Air Conc. = 0.13 μCi/m2 x 1 m2/104cm2 =  1..8 x 10-9 μCi/cm3 



1 cm/sec x 7200 sec
where:
0.13 μCi/m2 = derived preventive response level


1 cm/sec = deposition velocity


7200 sec = exposure time


1 m2 /104 cm2 = conversion factor from square meters to square centimeters
If the plume exposure is longer than two hours, the resulting average air concentration necessary to deposit preventive PAG levels of radioiodine will be lower than the examples. This example is valid for dry deposition only. It has been established
,.
 that rainfall increases the deposition and transfer of radioiodine to milk. If there is rain during the passage of the accident plume, preventive response levels of the radioiodine in milk may be present even though the plume concentration is lower than that cited in the example above.

Since the data from the iodine air samplers in the Plume Verification Exposure Rate System will be useful in deciding on the necessity of deploying the milk monitoring teams in only the more serious accident (large radioiodine releases), other means of making the decision must be available in the less severe accidents. As previously discussed, the milk monitoring teams may be required to make measurements from ten to a hundred miles from the nuclear power plant site. Unnecessary deployment should be avoided and the decision to deploy should not be made solely on computer projections.

If the AMS aircraft from DOE is available, it can fly over the EPZ for the plant and determine where the significant ground deposition of radioiodine and other long half-life, gamma emitting radionuclides is present at levels that would indicate the need for instituting the monitoring of the milk shed (see Appendix C). If for some reason the AMS aircraft is not available (e.g. weather conditions), a possible contingency plan might be to perform limited monitoring at a few preselected dairy farms. The emergency plan should identify selected farms, one in each 22.5° wind sector. These farms should be relatively close to the facility and, if possible, be farms where the dairy cattle are maintained on pasture. The meteorological data would be used to select the two or three sectors where the plume was not concentrated. The preselected farms in these sectors could be monitored, and the decision on the deployment of the entire milk monitoring system could be made based on the results from these few farms where the milk concentrations is the highest. Monitoring at these few farms should begin from 12 to 18 hours after plume exposure. This would give a 6 to 12 hour lead time if deployment of the entire milk shed monitoring effort were necessary.

If monitoring for the whole milk shed is to take place at transfer station or processing plants instead of dairy farms, monitoring teams need to be deployed to those stations receiving milk from farms in the affected area. Monitoring incoming trucks at processing plants will probably continue in excess of 12 hours; therefore, it will be necessary to have backup teams available for deployment. Early detection of contamination in milk and early institution of protective actions will increase the potential for dose reduction.

The site monitoring system plan developed from the information discussed in Section 3.7 will define the magnitude of the effort at any specific reactor site. The cognizant agency, State or local, must be ready to deploy a supply of radiological instruments, ion exchange resin, and resin collection containers if this system is used. All samples should be retained after field monitoring for more sensitive analysis in a central laboratory. All monitoring personnel should be trained to use a system for identification of samples and data collection. The system should include date, time, point of origin of the sample, location of the sample collection point, and instrument identification. The identity of personnel collecting the sample and background measurements should also be recorded.

4.2 Necessity of a Backup System
The necessity exists for a quality assurance monitoring capability at the market level. This backup monitoring capability would ensure that milk contaminated with radionuclides in concentrations sufficient to produce a dose at the preventive PAG level was not reaching the general public. The FDA Total Diet Study and the EPA Milk Monitoring Network should be able to provide this quality assurance service.  (The capabilities of both programs are explained in Appendix C of this document.) The State and local authorities may provide for use of these backup programs by incorporating them in the emergency response plan. The DOE Regional Coordinating Office should be notified of the plan to use these resources in the event of an emergency.

4.3 Use of Low Level Contaminated Milk
The prudent use of milk determined to be contaminated above the preventive PAG level should not include the fluid milk market.
 On technical grounds, it is acceptable to use this milk for the production of manufactured milk products. The delay inherent in these products reaching the market will allow for radioactive decay to levels which would provide an additional safety factor for these products when they are placed on the market. The reason for this precaution is to provide an extra factor of safety to account for the limited accuracy of the field measuring instruments and the possible errors brought about by the pressure on personnel under emergency conditions.

4.4 Local Considerations and Options for a System of Recommended Actions and Monitoring Procedures
The pathway of concern involves the production of contaminated milk by dairy cattle grazing on contaminated pasture.  In some localities there may be few dairy farms within the ingestion EPZ. This would greatly reduce the magnitude of the monitoring effort. The recommended protective actions may involve questions of authority to enforce such actions. Since milk produced within the EPZ can be shipped relatively long distances for consumption, jurisdictional boundaries may be crossed, and it will be necessary to develop lines of authority to deal with control of contaminated milk. The question of requiring a dairy fanner to remove his cattle from pasture must also be addressed.

The amount of personnel, instruments and other resources required will be site specific. After evaluating the local situations, some agencies may not be in a position to provide the needed resources. Assistance can be obtained from Federal agencies through the FRMAP in such cases. The emergency plan should include provisions to request assistance and should provide for an approximate 1-day lead time for arrival of Federal teams.

APPENDIX A  – EXAMPLE MILK SHED DATA

1.
Milk Production and Distribution in the Quad Cities EPZ
This appendix illustrates the type of information required for the preparation of an emergency plan and will give an estimate of the magnitude of the monitoring effort required for a sample site. Three Illinois Department of Public Health documents
 were used to obtain dairy production and processing information near the Quad Cities Nuclear Station, located in the northern part of Rock Island County in western Illinois. While a portion of the EPZ include the eastern part of Iowa, no Iowa data were obtained. Since the Iowa portion of the EPZ constitutes about 1/3 of the total EPZ, and the land use pattern in Iowa is about the same as that in Illinois, an estimate of the total numbers of dairy farms and processing plants in the EPZ can be obtained by multiplying the Illinois data by 1.5.
Table A-l gives the number of farms completely or partially located in the EPZ and their milk production by county. Farms are identified as Class A or Class B: Class A dairy farms produce milk for either the fluid milk market or the manufactured milk product market; Class B dairy farms produce milk primarily for the manufactured milk product market. The Class A farms producing less than 1000 pounds of milk per day (Table A-l) are more likely to keep their cattle on pasture and are therefore the ones which could produce milk that is more highly contaminated.
The data for the destinations of the Class B milk produced within the EPZ were not immediately available; however, there are 18 plants manufacturing dairy products within the EPZ and an additional 20-25 within the area just outside the EPZ. The amounts of milk produced by the 80 Class B farms (Table A-l) and its destination must also be determined, as in the example shown for the Class A dairy farms.
Table A-1.  Illinois Dairy Farms in Counties Included in the Quad Cities 50-Mile EPZa

*See Table A-1 for Image*
Table A-2.  Class A Milk Destinations for Milk Produced within the Quad Cities EPZ

*See Table A-2 for Image*
APPENDIX B  – ASSUMPTIONS USED IN CALCULATING PLUME DEPOSITION AND DOSE TO THE INFANT VIA THE MILK PATHWAY

The plume concentrations were calculated using the plume dispersion assumptions of Regulatory Guides 1.3
 and 1.4
. These assumptions are general in nature and are to be used in lieu of site specific data. Three different diffusion factors were used depending on the time of release: 0-8 hours, 8-24 hours, and 4-30 days. The diffusion factors, taken from these Regulatory Guides, were calculated on the following assumptions:
0-8 hour - 
Pasquill Type F, windspeed 1 meter/sec, uniform direction 
8-24 hour - 
Pasquill Type F, windspeed 1 meter/sec, variable direction 
4-30 day - 
33.3% Pasquill Type C, windspeed 3 meter/sec 


33.3% Pasquill Type D, windspeed 3 meter/sec 


33.3% Pasquill Type F, windspeed 2 meter/sec 


wind direction 33.3% frequency in a 22.5° sector.
Radionuclide surface concentrations were calculated from the plume concentrations (as described above) using plume depletion and the concept of relative deposition discussed in Regulatory Guide 1.111.
 These assumptions result in upper limit values for surface concentrations. In order to evaluate the relative consequences of ingestion of radionuclides in milk, the dose commitment via ingestion must be calculated from surface concentrations. The assumptions used in converting surface concentrations to ingestion dose were taken from Regulatory Guide 1.109
. Dose conversion factors, transfer coefficients (percent ingested by the cow per liter of milk) and ingestion rates (for cow and human) were combined to determine dose for all radionuclides released. The dose conversion factors and transfer coefficients vary for each radionuclide. The factors which remain constant were:
Pasture density
0.7 kg/m (wet weight)

Retention factor
1.0 for iodines and 0.2 for other nuclides

Weathering half life
14 d

Cow Consumption rate
50 kg/d (wet weight)

Infant milk consumption rate
0.9 L/d
The model assumes no protective actions are taken and it is therefore the dose for all time from a single contaminating event via ingestion of vegetation.
It is recognized that the models presented in Regulatory Guide 1.109 were not developed for short-term acute exposures resulting from accident situations but, rather, are better applied to long term continuous or chronic exposure. As stated in Regulatory Guide 1.109: "these dose factors are appropriate for continuous intake over a one-year period and include the dose commitment over a 50-year period." However, the dose conversion factors presented along with the milk ingestion model in Regulatory Guide 1.109 are more complete than those other models reviewed and therefore, are the most appropriate until a model applicable to acute exposures is available.
In all of the accident scenarios reviewed in the RSS, the release of radioactive material to the environment is assumed to occur in several time segments, with different total amounts and mixtures of radionuclides being released during each time segment. In the examples shown in Table B-l there are five discrete segments for each accident, each with a different resultant plume concentration.
In the dose projections presented in Table B-2 (calculated from surface concentrations), the assumption was made that the cow began ingesting forage at the end of the final release period. Fractions of the core released prior to the final release are decayed for the time between that release and the end of the accident (i.e., time between first release and final release, time between second release and final release, etc.) The activity ingested is then integrated over all time and the dose is calculated.
This method, however, is not entirely accurate in predicting dose if there is a long time period between the initial release and the final release (as in the case of PWR-7 AHG-epsilon, 30 days). In the actual situation, the cow will ingest contaminated forage during the first time segment and continue to do so throughout all segments (assuming no protective actions are taken). Therefore, these dose projections are only an estimation and probably overestimate the actual dose; however, they do provide a relative estimation of what radionuclides will create the greatest hazard in the milk pathway.
Table B-1.  Expected Surface Contamination Levels of Two Accident Scenarios
*See attachment for image – Table B-1*
Table B-2.  Projected Dose to Critical Organ of the Infant for Two Accident Scenarios
*See attachment for image – Table B-2*
APPENDIX C  – FEDERAL ASSISTANCE TO STATES IN IMPLEMENTATION AND SUPPORT OF THE MONITORING SYSTEM
This appendix describes Federal agencies available to assist States in implementation of their monitoring system. A summary of the functions and capabilities of each Federal Agency Program is stated and recommendations are made as to how the agency program can best assist the States.
1. Federal Radiological Emergency Response Plan (FRERP)
The current plan (see Section 2 below) for significant Federal response to radiological emergencies is directed primarily toward responding to accidents at commercial nuclear power plants. A new plan, the Federal Radiological Emergency Response Plan (FRERP)
, has been implemented which consolidates the Federal response to a wide range of potential radiological emergencies. The scope of the FRERP includes all types of civil radiological emergencies that might require a significant Federal response in support of State and local governments.

The FRERP is the single Federal plan for coordinating the Federal response to any civil peacetime radiological emergency requiring a significant Federal response. The FRERP is intended to facilitate and clarify the Federal role and mechanisms for providing support to State and local governments in a major radiological emergency, if Federal support is required.
2. Federal Radiological Monitoring and Assessment Plan (FRMAP)
The Federal Radiological Monitoring and Assessment Plan (FRMAP) was developed by the U.S. Department of Energy (DOE) under 44 CFR Part 351 issued by the Federal Emergency Management Agency (FEMA) on March 11, 1982. FRMAP is a part of the FRERP and replaces the Interagency Radiological Assistance Plan (IRAP) originally published in 1965 to provide Federal technical assistance and response to radiological emergency incidents. Conceptually, FRMAP was derived from the IRAP; the most significant changes are in the designation of participating Federal agencies, and in some cases, their expanded/new responsibilities, e.g., FEMA. The purposes of FRMAP are as follows:

· To make needed radiological assistance available to the general public, State and local governments, and Federal agencies.
· To provide a framework through which Federal agencies will coordinate their emergency monitoring and assessment activities in support of State and local government radiological monitoring and assessment activities, and
· To assist State and local governments in preparing for radiological emergencies by describing Federal assistance responsibilities and capabilities.
The provisions of FRMAP apply to the Federal agencies given radiological emergency assignments by the Federal Emergency Management Agency in 44 CFR Part 351 (47 FR 10758) dated March 11, 1982, Radiological Emergency Planning and Preparedness Federal Regulations and were developed by the Department of Energy. The agencies participating in the FRMAP include the Nuclear Regulatory Commission (NRC), the Environmental Protection Agency (EPA), the Department of Health and Human Services (HHS), the Department of Energy (DOE), the Department of Agriculture (USDA), the Department of Defense (DOD), and the Department of Commerce (DOC).
The FRMAP recognizes that the above agencies may have other radiological planning and emergency responsibilities as part of their statutory authority. The provisions of the FRMAP do not limit those responsibilities, but they provide for a coordinated Federal response when emergency radiological assistance is requested.
The underlying assumptions of FRMAP are as follows:
1. The participating Federal agencies will develop plans and supporting procedures at the national and regional level to implement FRMAP. These plans will be consistent with any planning requirements placed on the State and local governments and specific facilities for such radiological incidents as identified by FEMA and presented in MUREG 0654.
2. The participating Federal agencies will maintain facilities, equipment, and personnel to carry out their statutory responsibilities. Radiological monitoring and assessment capabilities developed to carry out those responsibilities will be made available to other Federal agencies, to State and local authorities, and to the general public, in an emergency if needed or required.

3. The Federal agencies will make resources available upon request, including national emergencies, only to the extent that the agencies can also continue to carry out their essential missions and emergency functions.
4. When participating Federal agencies make their resources available in emergencies, the DOE will coordinate all Federal offsite radiological monitoring and assessment operations and integrate the data derived from these activities during the emergency phase. The EPA will assume this role in the intermediate and long-term phases. An agency making its resources available, although under the general direction of DOE, does not place itself under the authority of DOE.
5. The DOE (and subsequently EPA) will maintain a common and consistent set of all offsite radiological monitoring data and provide it, with interpretation, to the cognizant Federal agency and to the states and other groups as required.
6. Federal radiological response will be in support of and integrated with that of the State and local governments. The resources of DOE and the participating agencies should be used only when State and local resources are not adequate. However, if a release of significant radioactivity is anticipated, consideration should be given to the early request for assistance. This is because the Federal government has most of the resources needed to support the State in dealing with a major accident.
7. The Federal monitoring effort will be initiated through a request from a State or local government, another Federal agency, private entity, or in rare cases, when DOE, after notification of an incident, believes there is a possibility of hazard.
8. Federal agencies, to the maximum extent possible, will assist other Federal agencies, and State and local governments with planning and training activities designed to improve local response capabilities, and will cooperate in drills, tests, and exercises.
9. Funding for each agency's participation in support of the FRMAP is the responsibility of that agency.
The Federal Response Subcommittee of the FRPCC, consisting of representatives for each of the participating agencies, serves as the continuing coordinating body for the FRERP, and thus the FRMAP. This subcommittee interprets, maintains, and updates FRERP. The subcommittee, which is chaired by the representative of FEMA, also provides a means for coordination of response capabilities, training activities, exercises, and research and development pertinent to the FRERP and FRMAP. Regularly scheduled meetings will be held and each agency reports to the subcommittee periodically on its radiological response capabilities, training programs, and research and development activities designed to improve their response resources.
The FRMAP recognizes that the appropriate response to a request for Federal radiological assistance may take many forms, ranging from advice given by telephone to a large, Federal monitoring and assessment operation at the site of a serious accident. Most of the operational management guidelines that follow are designed for the latter situations. The FRMAP, however, also provides the authority for cooperation, coordination, and interagency assistance when a large Federal response is unnecessary, and a limited response, possibly by DOE alone, is sufficient.
Each participating agency maintains national and regional emergency response capability as necessary, for it to carry out its statutory responsibilities. Offices and personnel available for conducting the agency's normal operational duties may be utilized to provide facilities, equipment, supporting staff, and technical operations personnel for implementing FRMAP.
Each participating agency is responsible for developing plans and supporting procedures to implement FRMAP. Where appropriate, the plans are specific for each region and responsive to each type of radiological incident. Other FRMAP agencies coordinate among themselves at field level. The plans established are consistent with plans of State and local governments, e.g., emergency plans in the case of nuclear power plant incidents, and are consistent with Criteria for Preparation and Evaluation of Radiological Emergency Response Plans, and Preparedness in Support of Nuclear Power Plants NUREG-0654, FEMA-REP. 1, Rev. 1, Nov. 1980. Where appropriate, the plans and supporting procedures include information on:
· Resources available 

· Inter- and intra-agency notification procedures

· Organization, jurisdiction, and responsibilities of the response resources

· Estimated activation times for different types of response

· Internal emergency operations guidelines

· Mechanisms for handling the logistics for personnel and equipment at the scene of the incident

· Interagency training and exercises to be coordinated through ICRA;

· Other material considered appropriate by the agency

The implementation plans of the participating agencies are reviewed by DOE and integrated into the DOE FRMAP implementation plan. Regional plans of participating agencies are forwarded to the DOE Regional Coordinating Office(s) serving the region.
Requests for radiological assistance may come from other Federal agencies, State or local governments, licensees for radiological materials, or the general public. Appropriate requests are also referred to DOE by the National Response Center, operated by the U.S. Coast Guard primarily to receive reports of accidental discharges of petroleum products, and the Chemical Transportation Emergency Center (CHEMTREC), an emergency assistance center sponsored by the Chemical Manufacturers Association.
A general scheme for the management of the total Federal response to a radiological emergency is shown in Figure C-l. The Federal role is to assist the States during the emergency. In order to do this, the Federal response is divided into technical and non-technical support. FEMA coordinates non-technical support while the cognizant Federal agency (the agency controlling or having regulatory authority over the facility in which the incident occurred or the radioactive material involved in the incident) coordinates the technical support. The technical support is separated into onsite and offsite support, with DOE coordinating the Federal offsite radiological monitoring and assessment activities during the emergency phase. During the intermediate and long-term phases, the EPA assumes this role. The FRMAP primarily addresses this offsite portion of the larger Federal response. Following receipt of FRMAP information, recommendations for protective actions are made by the cognizant federal agency jointly with FEMA to the State and local governments. The participating agencies may also provide resources directly to the cognizant agency when needed. The State Department is responsible for coordinating the Federal government's response to major non-military emergencies with international implications.
Figure C-1.  Federal Response Management for a Radiological Emergency

*See attachment for image –Appendix C*

Emergency actions are taken by the participating Federal agencies to save lives, minimize immediate hazards, and to gather information about the accident that might be lost by delay. Such action does not preempt a later implementation of the FRMAP.
DOE's coordination and leadership responsibilities under FRMAP are applied at both the regional and national level. DOE maintains national and regional coordinating offices as points of access to Federal radiological emergency assistance and response. Requests for Federal radiological assistance are made through the Regional Coordinating Office. An exception to this is a request from the DOD, which will be made through the DOD-DOE Joint Nuclear Accident Coordinating Center (JNACC) in Albuquerque, New Mexico. The DOE regional office responds by dispatching a Radiological Assistance Program (RAP) team, by requesting assistance from a regional office of another participating agency, or by referring the request to an appropriate State agency that can provide prompt assistance. Close contact is maintained between the DOE regional and national offices.
DOE maintains a state-of-the-art capability to respond to any radiological incident throughout the nation. This response can be directed from either the regional or the headquarters level. As noted, DOE transfers responsibility for Federal coordination of intermediate and long-term monitoring to EPA at an appropriate time.
Major DOE Resources
Emergency response activities are highlighted by unique resources to monitor and assess any accidental release of radioactivity from a nuclear facility. Aircraft of the Aerial Measuring System (AMS) are maintained to be ready to imply state-of-the-art remote sensing equipment to map large areas that may have been affected by an accidental release. A computer-based system, the Atmospheric Release Advisory Capability (ARAC) uses actual weather and terrain data to predict on a regional scale the transport, diffusion, and deposition of any radioactivity released to the environment. Complimenting these systems is an experienced cadre of scientists, engineers and technicians available to assist local authorities and to coordinate DOE and other Federal responses to an accident. A more detailed description of these resources follows.
3.1 Aerial Measuring System (AMS)

The Aerial Measuring System (AMS) is a state-of-the-art aerial radiation surveillance program operated under the Department of Energy.
 AMS consists of rotary and fixed wing aircraft equipped with gamma ray and neutron detectors. In the east, the AMS is based at Andrews Air Force Base, Maryland, and in the west at Las Vegas, Nevada.
The AMS program, initiated in 1958 by the AEC, is directed toward obtaining surveys of gamma data (gross and spectral) that can be used to assess changes in environmental levels of radiation from nuclear tests, operation of nuclear facilities, and radiation incidents. The AMS capability has also been used to follow the movement of radioactive clouds from above ground nuclear weapon tests and from venting of underground tests. The system is potentially very useful in defining the boundaries of the contaminated area, especially if a large contaminated area is expected. The AMS detector system consists of an array of twenty 5"x2" NaI(Tl) scintillation crystals which are equally distributed within two cargo pods.
 This system is effective for detecting and identifying gamma emitting radionuclides which have energies greater than 50 keV. The helicopter mounted detector system has a sensitivity range of 0.1 to 1.0 µCi/m2 for gamma energies greater than 50 keV. Whereas, the fixed-wing aircraft detector system has a sensitivity ranging from 1.0 to 10 µCi/m2 for similar gamma energies.
 However, at gamma energies between 50 and 100 keV, the detection limit is highly dependent on the geometry of the source and its distribution in the soil. The difference in sensitivity between these two aerial systems is due to the helicopter's ability to be flown at lower altitudes and at lower air speeds than the fixed winged aircraft.
The normal data output from AMS is in units of microroentgens per hour (µR/h) extrapolated to one meter above ground level.
 The data from the aerial radiological survey is recorded on magnetic tapes for further data reduction using a ground based computer system.
The AMS program is directed toward a schedule of surveys made to acquire background data prior to construction of a nuclear facility and also to study the changes in levels after an incident. Preoperational surveys are made at all nuclear power reactor sites, and these surveys are periodically updated at 3 to 5 year intervals for most facilities. A periodic update survey to measure environmental buildup of long-lived radionuclides is made for all nuclear facilities in order to determine the baseline for post nuclear incident restoration.
AMS has the capability to track the plume of a radionuclide release, taking measurements and determining its direction and dispersion.
 However, its greatest value in terms of radioiodine deposition is for aerial surveys of deposited materials after the plume or radioactive cloud has dissipated.
In the event of a nuclear accident at a facility, the current AMS response would be to send an AMS aircraft to the site and to airlift a mobile data van, which is used to analyze AMS data, to a nearby airport. The maximum AMS response time from notification to the start of aerial measurements at any nuclear facility is estimated to be about 4 to 6 hours for the deployment of an east coast or a west coast AMS capability. A maximum lead time of 12 hours is desired for ground measurements, such as for radioiodine and particulates. Since it is not necessary to begin foodstuff monitoring for 36 to 48 hours following the start of the accident, AMS could survey the area surrounding the site prior to monitoring for radioiodine on foodstuffs. This would allow authorities deploying monitoring teams to concentrate the initial monitoring effort in areas where greatest radioiodine deposition has occurred. The detection limit for AMS is approximately 90% of the preventive response level for I-131 and approximately 5% for the preventive response level for cesium nuclides deposited on leafy vegetables (this is not true for produce since the derived preventive response levels are much lower because of a higher ingestion rate for produce). Therefore. AMS should be used to rapidly determine the areas where the highest deposition of radionuclides has occurred. This information would be especially critical if a shortage of personnel for monitoring teams existed.
Generally, aerial radiological surveys are capable of: 1) detecting areas of enhanced radiation; 2) determining the average surface area exposure rate; and 3) identifying the specific radionuclide(s) responsible for any observable anomaly.
 However, this system has the following limitations: 1) it may be grounded by inclement weather conditions either at the home air base or at the accident site; 2) it can only detect gamma emitting radionuclides; 3) it is unable to distinguish between contaminated foodstuffs and other non-food producing areas; 4) it is of little or no value for detecting waterborne releases; and 5) it may underestimate the magnitude of localized sources, since aerial detection systems tend to average gamma exposure rates over a large area.
The current AMS operational plan is to make the data from the aerial surveys available to the DOE official directing the FRMAP response. The concerned State authorities are also provided access to the AMS data evaluation. Therefore, the AMS should be located near and in constant communication with the State or local EOC where the event is in progress.
The AMS will also be used to supplement the Atmospheric Release Advisory Capability (ARAC) by updating the model from actual measurements taken during the release. This information is valuable in planning initial ingestion pathway monitoring by predicting where areas of greatest radioiodine concentration will occur.
3.2 Atmospheric Release Advisory Capability (ARAC)
The Atmospheric Release Advisory Capability (ARAC) is an atmospheric modeling system based at Lawrence Livermore National Laboratory (LLNL). It is linked by real time to the National Weather Service and the USAF Global Weather Control. ARAC input can be a unit source term or a more refined one, plus local meteorological and topographical conditions. ARAC can predict the atmospheric diffusion of a plume of released material as influenced by the previous mentioned conditions using a suite of computer codes and models ranging from simple Gaussian to complex three dimensional particle-in-cel1 models. The radionuclide concentration patterns are then projected into both external and internal dose patterns for use by the FRMAP organization in providing assessments to concerned State and local agencies, and AMS monitoring and sampling aircraft.
DOE is developing a program for the rapid provision of ARAC predictions so that they can be used while the full FRMAP response is being established. Currently, real time ARAC output can be made available to any user through authorization by DOE headquarters by facsimile transmission from LLNL, as was done at Three Mile Island both during the 1979 accident and the 1980 Kr-85 purging operation. Local meteorological towers can usually be linked directly to the LLNL computer facility, which does the necessary calculations including local topography (LLNL has on file the topography of the entire continental United States),
 and generates printouts at the laboratory. ARAC personnel can then transmit these printouts via telephone telecopier to the user. Direct computer terminal communications is nearing completion for operational use.
Two levels of advisories are issued by ARAC. level one and level two. Level one is an early forecast of significance out to about 5 to 10 kilometers from the site that is available within 3 to 5 minutes after receipt of input data. This level one advisory could be used with a Nuclear Incident Release Notification. The onsite dose projection capability discussed above will then become the backup to ARAC.
The level two advisories are calculated by the use of validated state-of-the-art numerical modeling techniques appropriate for magnitude of the problem, the complexity of the meteorology and topography, and the availability of input data. Level two advisories may consist of predicted concentration patterns, estimated exposure rate patterns, dose projections, and predicted ingestion pathway concentrations. These advisories are available within 30 to 40 minutes after the receipt of input data. State and local officials should use this information to determine the areas where the greatest concentration of radioiodine could potentially be deposited.
The information provided by ARAC is valuable for planning the deployment of personnel, and available resources to the most effective locations. Full ARAC service requires extensive "customization" of information pertaining to a specific site, as well as developing the topographic files for use in ARAC calculations. In actual emergencies this service can be provided in about 1-4 hours in the absence of "customization."

3.3 Radiological Assistance Program (RAP)
The DOE Radiological Assistance Program (RAP) has been in operation for over 25 years. Its function is to respond, on an emergency basis, with appropriate scientific and medical advice and technical assistance to incidents involving loss of control over radioactive materials. The DOE provides appropriate radiological advice and assistance as needed from its operations offices and national laboratories to minimize injury and protect public health and safety. It is initiated upon request from any agency, organization, or individual who has knowledge of a possible hazardous incident involving radioactive material.
For the purposes of responding to a radiological accident, DOE has divided the country into eight radiological assistance regions, as shown in Figure C-2. These regions are resource-oriented, centered about major DOE national laboratories and operations offices where the DOE resources are continuously available. DOE has named one of its field office staff in each of the eight regions as the Regional Radiological Assistance Coordinator. These officers are equipped to receive and respond to requests for radiological emergency assistance on a 24-hour basis. The response may range from providing expert advice to mobilizing and dispatching a specially equipped team of radiation emergency specialists.
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Figure C-2.  Department of Energy Regional Coordinating Offices for Radiological Assistance and Geographical Areas of Responsibility
Food and Drug Administration (FDA) Analytical Capabilities
The FDA Total Diet Study is conducted by FDA's Center for Food Safety and Applied Nutrition and consists of collecting a representative sample of foods in a typical diet at varying locations throughout the country. Samples are composited into food categories, including dairy products, at FDA's Kansas City District Laboratory. Subsequently, composites are sent to FDA's Winchester Engineering and Analytical Laboratory (WEAC) for determination of commonly appearing radionuclides such as tritium and Sr-90, as well as gamma emitters like Cs-137 and K-40, which are readily detected by simple gamma scan.
Under emergency conditions, the WEAC facilities can be used to analyze milk samples submitted by FDA regional field staff. Within FDA, technical staff of the Center for Devices and Radiological Health and the Center for Food Safety and Applied Nutrition can oversee data interpretation; Quality assurance procedures are managed by WEAC staff in cooperation with EPA.
5.
Environmental Protection Agency (EPA) Milk Monitoring Net
The EPA milk monitoring net is a part of the EPA's Environmental Radiation Ambient Monitoring System (ERAMS). ERAMS maintains a continuing surveillance of radioactivity in the United States to identify the accumulation of long-lived radionuclides in the environment. However, ERAMS is also designed to provide short term evaluation of large scale environmental nuclear releases, such as from fallout or a nuclear power plant accident. These are composite samples based on the volume of milk sold by various processors in a sampling station area. Gamma analyses are performed on milk samples as soon as they are received.  Results of the analysis of iodine-131 content are available within hours.

During radiological incidents ERAMS capability may be utilized to collect and analyze additional milk samples marketed in areas receiving fluid milk from the affected milk shed. The results are provided to the Emergency Operations Center for State and local officials and provides them with a backup system to determine the effectiveness of preventive actions taken to reduce projected dose.
6. 
NRC, DOE, and EPA Mobile Computer Based GeLi Detection Systems
Although it is not feasible to have sufficient computer based gamma counting systems available near each reactor site to respond to emergency situations, there are mobile systems which can be brought to an accident site. The NRC has five mobile systems, one in each of its regions. A sixth system is operated by the EPA in Montgomery, AL. A seventh mobile system, containing two GeLi detector systems, operates out of the Idaho National Engineering Laboratory. All seven of these mobile systems have ongoing functions in research and surveillance programs.
Other National Laboratories may also have similar mobile systems which could be used to help determine radionuclide levels in contaminated samples. The systems are manned by trained personnel and are ready for emergency use if requested by the state or local officials. These systems should be considered in addition to the normal emergency response equipment maintained by DOE laboratories. 

APPENDIX D  – A MODEL FOR PREDICTING I-131 CONCENTRATION IN MILK FOR A SINGLE CONTAMINATING EVENT
The model used to generate the curve in Figure 3 was developed by Ng et al.
 The curve is the projected I-131 concentration in milk resulting from a single contaminating event ("puff release") with an initial deposition of 0.13 µCi/m2 and the cow continuously grazing on pasture. The 0.13 µCi/m2 initial deposition was used because it results in I-131 concentration in milk that would result in a dose equivalent to the FDA preventive PAG. The model is presented below:
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Where

CM(t) 
= concentration of a radionuclide in milk at time t in µCi/liter

IC(0) 
= initial rate of ingestion of a radionuclide by the cow in µCi/day

Ai 
= coefficient of the ith exponential term, which describes the secretion of mil in liter-1
λMEi
= effective elimination rate of the ith milk component in day-1
λp
= effective rate of removal of the radionuclide from pasture in day-1
t 
= time from start of ingestion to secretion of milk in days

Σin
= summation of the individual "i" exponential terms in a multi-component exponential function

n
= total number of components in the exponential function, for iodine n = 2

Calculation of Ic(0)

Where:


Ic(0) = (UAF)(Ø)(F(0))


UAF = utilized area factor = 45 m2/day


Ø = retention factor of forage = 0.5


F(0) = deposition on the terrain at time = 0.13 µCi/m2

Therefore

IC(0) = (45 m2/day)(0.5)().13 µCi/m2)

IC(0) = 2.93 µCi/day

The biological turnover rate of I-131 in cow’s milk is best expressed by a two component exponential function having the following coefficients (Ai) and biological half-lives [image: image11.jpg]T,
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taken from Table 6 in Reference 1.

A1 = 5.5.2 x 10-3 liter-1            [image: image12.jpg]T
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 = 1.01 days

A2 = 1.65 x 10-4 liter-1              [image: image13.jpg])
(TMB'



= 7.87 days

The effective elimination rate of the ith milk component [image: image14.jpg]


 is equal to the sum of the radioactive decay constant (λR) and the biological elimination rate of the ith milk component [image: image15.jpg](i)
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And 


TR is radiological half-life for I-131, 8.04 days
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The effective rate of removal of the radionuclide from the pasture (λP) is equal to the sum of the radioactive decay constant (λR) and the weathering rate constant (λW) for fallout deposited on forage plants.

λP = λR  + λW
Where

λW = ln 2 / TW
and 

TW is the average weathering half-residence time of fallout deposited on forage plants as small particles, 14 days

Therefore for I-131

λP = 0.136 day-1
As a basis for comparing milk measurements from samples taken at various times following the initial ingestion, concentration values normalized to unit deposition have been calculated using the above model for I-131, I-133, I-135, Sr-89, Sr-90, Sr-91, Cs-134, Cs-137. The results of these calculations are presented in Figures D-1, D-2, and D-3. 

*See attachment for Image – Appendix D Part 1*
Figure D-1.  Milk Concentration of I-131, I-133, and I-135 Normalized to Unit Deposition, from a Single Contaminating Event
*See attachment for Image – Appendix D Part 1*
Figure D-2.  Milk Concentration of Cs-134 and Cs-137 Normalized to Unit Deposition, from a Single Contaminating Event

*See attachment for Image – Appendix D Part 1*
Figure D-3.  Milk Concentration of Sr-89, Sr-90, and Sr-92, Normalized to Unit Deposition, from a Single Contaminating Event

APPENDIX E  – MONITORING SYSTEM DESCRIPTION
1. Radioiodine Monitoring System
1.1. Instrumentation
The instrument system currently recommended for field monitoring of milk at the preventive PAG level is a hand-held NaI(Tl) detector in the 1.25" x 1.5" or 2" x 2" crystal size range and a ratemeter similar to the Victoreen Thyac III ratemeter with a 489-55 NaI(Tl) detector. This instrument system should be used with the ion exchange method for sample monitoring; however, this system is also sensitive enough to be used with the immersion method for milk sample monitoring. Available information indicates that other types of hand-held instrumentation, such as GM or ion chamber detectors, are not sensitive enough to meet the required preventive response level utilizing the immersion monitoring method or requires specialized counting geometries which are impractical for use with the ion exchange method.
1.2. Ion Exchange Methods and Materials

The ion exchange method involves passing a 3-4 liter sample of contaminated milk through a column of anion resin
 for iodine collection or a one liter sample through a segmental column containing an anion segment for iodine and a cation segment
 for cesium and strontium collection. (If the segmental column is used, reference 2 should be carefully consulted to obtain the proper procedures for preparation and use of the complexing and carrier solution required for the cation segment.) The segmental column method is ideal for use when the resin columns are to be sent to a laboratory facility for analysis. However, a modification of this method may be necessary for emergency field monitoring. The reasons for this modification are: 1) a one liter milk sample is an insufficient volume to determine the presence of radioiodine at the preventive response level with hand-held field monitoring instruments (See Table E-l), and 2) barium-140 and lanthanum-140 are most likely to be present in any source term where cesium and strontium are present; if complexing agents are added to the milk sample, the lanthanum-140 will be retained on the anion resin and will interfere with the detection of radioiodine. 

The following modified ion exchange method is suggested for use when the utility has indicated that particulate radionuclides are expected to be present in the source term: 1) separate the anion and cation segments of the segmental ion exchange column, 2) pass 3-4 liters of contaminated milk through the anion resin column, 3) collect the effluent from the anion resin column, 4) add complexing solution to one liter of the effluent from the anion resin column and pass this solution through the cation resin column, (5) monitor the ion exchange columns with a hand-held NaI(Tl) detector and determine the count rate in cpm, 6) compare the monitoring results with previously prepared calibration curves to obtain an estimate of the radionuclide concentrations, and 7) save the ion exchange column resin samples for confirming analyses at a laboratory.
The anion resin is the chloride form of a strongly basic ion exchanger and should be in the 20-50 mesh size range. An anion resin meeting this criteria is Dowex 2-X8
 ; however, other equivalent anion resins may be used. The anion column can be simply made from a plastic vial with sufficient holes (approximately 10 holes, 2 mm in diameter) drilled in the bottom to permit a gravity flowrate of approximately 100 mL per minute. Figures E-l and E-2 show the anion apparatus and the segmental column ion-exchange apparatus, respectively.
Table E-1.  NaI(T1) 1.25” x 1.5”) Detector Response (cpm) During Measurements of Anion Resin Columns Containing I-131 at Preventive Response Level Concentrations
 *See Appendix E for Image*
*See Appendix E for Image*
Figure E-1 Anion Column Apparatus for Radioiodine Collection
*See Appendix E for Image*
Figure E-2.  Segmental Column Ion-Exchange Apparatus for Radionuclide Collection

Stable iodide carrier may be added to the milk sample; however, a formaldehyde preservative should not be added since it may destroy the retention of iodine-131 by the resin. Approximately 40 mL of anion resin and 85 mL of cation resin are required for the columns. Materials for making the ion exchange columns can be readily obtained for commercial plastic suppliers such as the Industrial Plastics Catalog.

Gross gamma measurements of the anion resin columns may be easily conducted in the field to determine if the milk is contaminated with radioiodine to the preventive response level. Gross gamma measurements of the cation resin columns should provide conservative estimates of the cesium concentration (if all counts are assumed to be cesium) due to the presence of other cation gamma emitters such as naturally occurring potassium-40 and, possibly, fission products such as barium-140 and lanthanum-140. The resin columns are convenient for sample storage and shipment to central laboratory facilities for more sophisticated analyses and specific radionuclide identification.
1.3. Instrument Specifications
The specifications in the following paragraphs apply to instruments for monitoring radioiodine in milk. The instruments should be capable of meeting the following minimum general performance characteristics and be calibrated according to ANSI N323

1. The instruments should be capable of measuring gamma radiation in the presence of beta radiation. The range of measurement capability should be: gamma count rates from 0 to 100,000 cp.

2. The gamma photon energy dependence should be within ±20 percent over the energy range of 150 keV to 700 keV normalized to the response of 137Cs-137mBa. The gamma response to any energy below 150 keV and above 700 keV should be less than the response to 137Cs-137mBa. If the instrument is equipped with adjustable windows, the latter is not necessary.

3. Overall accuracy to gamma radiation from 137Cs-137mBa should be ±40 percent over the range of measurement with a reproducibility of ±10 percent of full scale.
4. All instrumentation should continue to give an off-scale indication at exposure rates or count rates at least ten times the maximum range of measurement. 
5. The entire instrument should be capable of performing accurately (±10 percent of the original response) over a temperature range of -10 degrees Celsius to 50 degrees Celsius with a relative humidity of 95 percent ±5 percent. In addition, the instrumentation should be capable of withstanding the temperature and humidity test described in MIL-E-16400 (Navy) and at the completion of testing, meet item 2 and 3 of the above specification requirements.
6. The instrumentation in a padded case should be capable of with standing a mechanical shock equivalent to being dropped form a height of 4-feet onto barren soil, and the instrumentation should withstand a vibration test equivalent to being transported over fifty miles of rough gravel road. The instrument should be capable of meeting items 1, 2, and 3 of the above specification requirements at the completion of the tests.
7. Instruments that are battery operated should be capable of 100 hours of continuous operation at their maximum limit of detection using a fresh battery supply. The instrument should indicate within ±15 percent of the original reading at the end of the 30 hour period. Batteries used should be types commonly found in retail stores.
8. Hand-held instruments should not weigh more than 3.5 kg (7.7 pounds). If systems are to be used only at processing plants, heavier instruments may be practical.
2. Monitoring Systems for Other Radionuclides
2.1. Gamma Spectromic Systems
1. The laboratory should have a modern gamma scintillation counting system based on a Ge(Li) detector and a computer-based data reduction system. The following are performance characteristics for a system capable of determining radiocesium in milk. The system described is capable of detecting activity at levels well below the preventive response levels. Since it is believed that monitoring of nuclides other than iodine to only the preventive response levels will be unacceptable in any emergency, it will be necessary to determine the exact levels of contamination present, if any, to maintain public credibility in any nuclear emergency. The most cost effective method to meet the requirements for monitoring at the derived response levels and for actual analysis at much lower levels, is to have one system capable of both analyses. A monitoring system which easily meets the above requirements could have the following components and design criteria:
2. Ge(Li) Detector Efficiency ≥15% relative to a 3" x 3" (NaI(Tl)) detector crystal
3. Total Resolution: 2.1-2.4 keV fwhm at 1.333 Mev
4. Multichannel Analyzer: 4096 channel
5. ADC Conversion Gain: 8192
6. Spectroscopy Amplifier (may be part of ADC)

7. Power Supply: Precision 5000 volt
8. Microprocessor: 32K memory minimum
9. Data Storage: Magnetic tape or disc
There are several commercially available systems that meet the above characteristics.

2.2. Beta Counting System
The beta counting system needed for strontium analysis can be one of several commercially available systems. Several characteristics which the system should have are given below. As is the case in the gamma system, the beta system described is capable of a detection limit well below the derived response level.

1. Detector: 2" dia, thin window, gas proportional

2. Background Count: <2 cpm beta only, <4 cpm beta-alpha

3. Automatic Sample Changer: 30 samples minimum

2.3. Chemical Separation Procedures for Strontium
The wet chemical separation procedure for strontium analysis is complex and requires trained personnel. There are several procedure manuals available which describe the procedure in detail. The following paragraph is a general description of the procedure.
One valid method of strontium analysis requires: 1) the separation of the strontium from other nuclides in the sample; 2) chemical separations to purify the strontium and separate it from the yttrium daughter; 3) a decay period to allow the new yttrium to grow for a measured time period; 4) a second strontium-yttrium separation; and 5) beta counting of the yttrium and strontium fractions.
New strontium analytical procedures have been developed based on a single strontium separation, where total strontium is counted at two different time intervals. The strontium-89 and strontium-90 concentrations are calculated based on strontium-89 decay and yttrium-90 ingrowth. The procedure reduces the time period between the start of chemical separations and receipt of final analytical results by approximately two weeks as compared to the previous method.

2.4. Sample Label Requirements
All monitoring personnel should be trained to use a system for identification of samples and data collection. The identification should be attached to all sample containers at the time of collection. The system should include the following information: 1) date; 2) time; 3) point of origin of the sample; 4) location of the sample collection point; and 5) the identity of the person collecting the sample. Information about the field monitoring of radioiodine of a replicate sample should also be included. This information should include: 1) the background measurement at the time of sample collection; 2) the measured concentration of radioiodine; and 3) the identification number of the instrument. Figure E-3 is an example of the milk sample data label.

*See Appendix E for Image*
Figure E-3.  Milk Sample Data Label

APPENDIX F  – SELECTION OF AN ANALYTICAL SYSTEM FOR RADIOCESIUM AND RADIOSTRONTIUM MEASUREMENT

The measurement of any radionuclide will depend on the accuracy required, the activity level at which measurements are desired, and the presence of interfering radionuclides. The accuracy required for milk monitoring is about ±10%; the system sensitivity requirement is determined by the derived response levels. For the FDA, the minimum levels which must be detected for Cs-134, Cs-137, Sr-89, and Sr-90 in milk are 1.5, 2.4, 1.4, and 0.09 µCi/L, respectively, for the emergency response levels and 0.15, 0.24, 0.14, and 0.009 µCi/L, respectively, for the preventive response level. Measurement of these activity levels when only a single nuclide is present is a relatively simple task. The problem is more complicated when two or more nuclides are present, as is the case for measuring the radioiodines, where several iodine nuclides may be present in addition to other radionuclides such as cesium or strontium. 

The gamma emitting nuclides each decay with a characteristic gamma-ray energy spectrum. Detectors are available that allow for the analysis of the energy spectrum and the unequivocal determination of each gamma emitting nuclide even in complex mixtures of nuclides. A typical Ge(Li) spectrum of I-131, Cs-134, and Cs-137 is shown in Figure F-1. The individual gamma rays are clearly separated and the analysis of the mixture can be made relatively easily; however, the analysis of the data is best accomplished by computer-based data reduction systems. Further, Ge(Li) detectors are expensive, must be kept at liquid nitrogen temperature, are subject to damage inherent from handling during field use, also, the computer-based data reduction system must be maintained in a proper environment, i.e., temperature and relative humidity, for proper operation. These systems should be operated by highly trained personnel who are experienced in their use.

Therefore, the field use of Ge(Li) or pure Ge detectors cannot be recommended because of high cost of each system, the need for many systems for milk monitoring, and the need for highly trained personnel.
A second type of gamma detector is available. These NaI(Tl) detectors were available before the advent of Ge(Li) detectors and had wide use in gamma spectral analysis. The NaI(Tl) detectors are more sensitive than Ge(Li) detectors but do not resolve the energy spectrum nearly as well. Most early NaI(Tl) spectral work was done with 3" diameter cylindrical detectors, 3" thick. Examples of spectra of I-131 and Cs-137 are shown in Figures F-2 and F-3. The inherently poor energy resolution can easily be seen. The poor energy resolution of the NaI(Tl) detectors complicates the analysis of data for mixed nuclide sources.
*See Appendix F Part 1 for Image*
Figure F-1.  Combined Gamma Spectrum for Iodine-131, Cesium-134, and Cesium-137
*See Appendix F Part 1 for Image*
Figure F-2.  3” x 3” NaI(T1) Spectrum of I-131 at 10keV/channel
*See Appendix F Part 1 for Image*
Figure F-3.  3”x 3” NaI(T1) Spectrum of Cs-137 at 10 keV/channel
The nuclides that might appear in any milk sample will depend on the accident scenario and the time after reactor shutdown. The ratios of various nuclides present can cover an almost infinite number of possibilities. The two Sr nuclides of concern cannot be determined by gamma spectral analysis; however, their presence can be inferred by the presence of the spectral lines characteristic of Sr/Y-91m. Since all of the Sr nuclides should have similar post accident behavior and there is a large inventory of Sr-91 in the reactor core, significant releases of Sr-90 and Sr-89 will be accompanied by the release of short lived (t1/2 = 9.48 hr) Sr-91. The Sr-91 will decay to a short lived daughter (t1/2 = 50m) Y-91m.
An example of a NaI(Tl) spectrum of the radioiodines, radiocesiums and Sr/ Y-91m is shown in Figure F-4. The spectrum was synthesized from published data.
 The radionuclides included in the synthesized spectrum in Figure F-4 are shown in Table F-l. Only those gamma-rays with intensities greater than 2% are listed. Two short lived nuclides, I-132 and Y-91m, are included because they are daughters of nuclides that could be present in milk at 48 hours after reactor shutdown. It should be emphasized that while the spectrum shown contains all of the nuclides which have a significant contribution to dose from the milk pathway, other nuclides might be present in the milk. These other nuclides may not contribute significantly to the total dose, but they could increase the complexity of the spectrum. In attempts to resolve the energy spectra, computer-based spectral stripping programs have been written and used with some success on spectra generated by NaI(Tl) detectors.

The field use of NaI(Tl) detectors with computer-based data acquisition and reduction systems cannot be recommended. The computer systems require environmental controls and are expensive. The NaI(Tl) detectors, while more rugged than Ge(Li) detectors, are sensitive to thermal cracking and are mechanically fragile. Experienced trained personnel are essential to operate the systems. The number of systems required for milk monitoring precludes the use of this type measuring system in all but those areas where there is very limited milk production.
Hand-held field NaI(Tl) detector systems are available which can be operated from batteries. These detectors are operated as gross gamma counters with ratemeters or are coupled with single channel analyzers which allows for the exclusion of all counts outside an operator determined window. An inspection of Figures F-2 and F-3 might indicate that such a system would be usable. Unfortunately, there are other factors which must be considered. Most of the hand-held battery operated NaI(Tl) detectors are smaller than 3" x 3". The smaller detectors do not produce as clean a spectrum as that shown in the above examples. The two nuclides are shown in Figures F-5 and F-6 for a typical hand-held system, in this case a 1.25" x 1.5" detector. The most significant difference between the spectra obtained with the smaller detector and the one obtained with a 3" x 3" detector is the number of counts at energies less than the full energy peak. The peak-to-total ratio, the number of counts in the full energy peak to the total counts in the spectrum, is dependent on the detector size. While the change in the peak-to-total ratio will have little effect on determination of single nuclides, the effect on mixtures of nuclides can be enormous. Gamma rays at high energy will raise the count rate at low energy and, depending on the mixture of nuclides present, the gamma ray of interest may be completely obscured.
*See Appendix F Part 1 for Image*
Figure F-4.  3” x 3” NaI(T1) Spectrum of Mixed Radionuclide Source at 10keV/channel (see Table F-1 for Radionuclides Included in Mixture)
Table F-1.  Selected Gamma-Ray energies and Intensitiesa
*See Appendix F Part 1 for Image*
*See Appendix F Part 1 for Image*
Figure F-5.  Hand-held NaI(T1) Spectrum of I-131 at 10 keV/channel

*See Appendix F Part 1 for Image*
Figure F-6.  Hand-Held NaI(T1) Spectrum of Cs-137 at 10keV/channel

Gross counters and/or single channel analyzers with NaI(Tl) probes can be used for field monitoring of milk. Sensitivity can be increased by concentrating the radioactivity by passing the milk sample through anion and cation exchange resins and field counting the resins with hand-held NaI(Tl) detectors. The NaI(Tl) detectors operated in the gross counting mode will be sensitive enough to detect most gamma emitting nuclides; however, it will be difficult if not impossible to determine the contribution of any single nuclide in an unknown mixture of nuclides. Single channel analyzers will aid in the determination of a single nuclide but will not allow for the unambiguous identification of single nuclide in all cases.
Emergency decisions can be made based on gross field measurements of the anion resin for radioiodine and the cation resin for other long-lived radionuclides. However, accurate identification and quantification of the individual radionuclides present in the sample should only be done at the central laboratory facility using more sophisticated counting instrumentation (e.g., Ge(Li) or NaI(Tl) detectors with computer-based data acquisition and reduction systems) and chemical separation and beta counting procedures.
Analysis of milk for cesium and strontium radionuclides should take place under laboratory conditions. The emergency planner has two options for providing those conditions: 1) analysis at mobile laboratories provided on request from Federal agencies, or 2) analysis at state owned central laboratories. The following discussion describes the requirements of a radiochemical laboratory properly equipped for cesium and strontium analysis. Priority analyses of contaminated samples are also discussed.
At the laboratory, many samples will arrive for cesium and strontium analysis (milk or cation exchange resin). The samples should first be analyzed for gamma-emitting radionuclides by nondestructive spectrometric methods, preferably using Ge(LI) detectors. Following the gamma scans all or a portion of the samples can be used for strontium analysis. The number of samples and the time required for analysis, particularly for strontium, dictates that a system be established to assign priority to samples: 1) radioiodine analysis of those samples that showed the presence of radioiodine in the field monitoring should be given the highest priority; 2) after the gamma scans have been completed, strontium analysis of those samples showing the highest iodine and cesium content; and 3) cesium and strontium analyses for confirmatory purposes.
Cesium Analysis.  Radiocesium will be best analyzed by gamma spectrometric methods. However, the portable single channel or dual channel spectrometers that are available for field use with hand-held NaI(Tl) detectors are not sensitive enough to accurately identify specific radionuclides. This is primarily due to: 1) the lower resolution of the smaller (i.e., 1.25" x 1.5" or 2" x 2") NaI(Tl) detectors; 2) the compton interferences from gamma emitters (in the sample) with energies higher than the energy of radionuclide which is being identified; and 3) the lack of adequate shielding against background radiation. The use of sophisticated spectrometric methods in the field would involve the use of expensive and complex equipment and the availability of highly trained personnel. As discussed previously, there is no need to monitor for cesium in the field on an emergency basis. Therefore cesium analysis is best performed under laboratory conditions. The remaining discussion will assume analysis is performed in a central laboratory.
The preferred system for cesium analysis would be a Ge(Li) detector and a computer-based data reduction system. If a state were considering a central laboratory and if the laboratory had no ongoing need for such a counting system other than for emergency response, an intrinsic Ge detector would be the best choice. The intrinsic Ge detector is more costly than the conventional Ge(Li) detector, but if the detector is not to be used on a continuing basis, the lower maintenance costs may offset the higher initial cost. The detector should be coupled to a computerized data reduction system and some type of storage system (magnetic tape or disc) to maintain a record of the spectra. There are several high quality systems commercially available which would meet the requirements for the radiocesium analysis.
The central laboratory should be prepared prior to the emergency for any required analysis. Calibration curves for the counting geometries of anticipated samples should be prepared before the emergency. The response of Ge detectors (counts/gamma emitted) varies with the energy of the emitted gamma ray, the source to detector distance, and the shape of the source. Calibration curves must be prepared for each geometry to be used, i.e., for each combination of shape of source and source to detector distance. The National Bureau of Standards has available a series of standard reference materials (SRMs) which contain several gamma emitting nuclides. The SRMs are available in several shapes, point source, 50-mL liquid, 500-mL liquid, etc. A calibration curve is constructed for each geometry by counting the appropriate SRM and determining the counts in each photopeak. The efficiency at each photopeak energy is determined by dividing the measured counts/sec by the gamma emission rate for the energy supplied with the SRM. This process gives the efficiency for a specific geometry at several energies. Since the analysis of real samples will involve photopeaks at energies other than those in the SRMs, a calibration curve is constructed by plotting the measured counts/gamma versus energy. Generally a least squares fit of the data is made and the resulting equation for the best fit least squares line is used in the computer of the detector system. An example of such a calibration curve is shown in Figure F-7. In addition to calibration curves for each geometry, the analysis system must contain a library of nuclides for which analyses are required. This library will contain half-lives, gamma energies, and gamma branching ratios for each energy.
Strontium Analysis.  There are no field methods available for the analysis of radiostrontium. A gross beta radiation field reading can be taken and a number of assumptions can be made on the quantities of other radionuclides present, thereby giving an estimate of the radiostrontium content of a sample. This method is not sensitive and is very inaccurate. As discussed previously, there is no reason to perform a strontium analysis on an emergency basis. As in the case of the radiocesium, these analyses are best made under laboratory conditions. After the sample (milk or cation exchange resin) has been received and the gamma spectra recorded, the sample can be used for strontium analysis.
A valid strontium analysis requires the separation of the strontium from other nuclides in the sample, chemical separations to purify the strontium and separate it from the yttrium daughter, a decay period to allow the new yttrium daughter to grow in for a measured time period, a second strontium yttrium separation, and finally beta counting of the yttrium and strontium fractions. If the sample is eluted from a cation exchange resin, the first separation step can be omitted because yttrium will not be stripped from the resin with strontium. The exact procedure to be used can be obtained from any one of several reference manuals.
 The complexity of the method requires that trained personnel and a radiochemical laboratory be available for strontium analysis.
*See Appendix F Part 2 for Image*
Figure F-7.  Typical Calibration Curve for a Ge(Li) Detector 

New procedures have been developed based on a single strontium separation, where total strontium is counted at two different time intervals. The strontium-90 and strontium-89 concentrations are calculated based on strontium-89 decay and yttrium-90 ingrowth. This procedure reduces the time period between the start of chemical separations and receipt of final analytical results by approximately two weeks as compared to the previous method.

The radiochemical laboratory should be equipped with standard laboratory items. The significant difference between a radiochemical laboratory and any modern analytical laboratory is the ability to safely handle the radioactive material and required licensing as a radiochemical laboratory. For strontium analysis, the counting equipment required would be a beta counter. For emergency monitoring at the preventive response level, a low background counter is not required; however, most of the modern counting systems are designed to be low background counters. There are several commercially available alpha-beta proportional counters that can be operated in the beta only mode; these would be adequate for the beta counting required for strontium analysis. Because of the decay time inherent in the method, it is advisable to perform the analysis of several samples in one batch. A counting system with an automatic sample changer is the most effective system to process the various batches of samples. Calibration curves for various weights of final sample must be prepared prior to the emergency.
APPENDIX G  – DETERMINGING THE MINIMUM DETECTABLE LEVEL OF ACTIVITY
Minimum Detectable Level (MDL) of activity is the lowest activity that can be distinguished from background. MDL varies for every detection system; it also varies with background activity and must be calculated when measurements are made. The MDL shown in Table 9 for each of the probes is based on two standard deviations (2 sigma) of the background count rate. The instrument (ratemeter) time constant affects the standard deviation by:

S = (a/2RC)1/2
Where S = standard deviation, sigma


a = single background reading cps


RC = instrument time, constant, seconds

For the Victoreen 6306 probe and the CD V-700 ratemeter:

[image: image18.jpg]= 0.28 cps




2S = 2 x 0.28 x 60 = 33 cpm

The MDL in µCi/L of I-131 is calculated from the cpm MDL and a calibration using a sample of known I-131concentration.

MDLs for all counting techniques discussed in Section 3.6.2 of this document are calculated in the same way. The MDL in µCi/L for I-131 is calculated below. Assuming the background count rate, from Table 9, for the 6306 probe (55 cpm) has not changed, the MDL is 33 cpm. The efficiency factor for the immersion technique is 1435 cpm/µCi/L of I-131. The MDL is therefore:

MDL = 
33cpm

   = 0.023 µCi/L of I-131





1435 cpm/µCi/L I-131

In the immersion technique and the ion exchange method, the MDL depends on the background count rate. The values cited in the above calculation may not be applicable in a real emergency, particularly in the EPZ.  If the accident is severe enough to deposit sufficient activity on vegetation to cause I-131 levels in milk to approach the preventive response level, it is likely that the background activity level will be elevated. The potentially elevated background levels will increase the MDL for all monitoring methods. When either method is used for accident monitoring, real time background count rates must be determined and corresponding MDLs calculated.

APPENDIX H  – DETERMINATION OF I-131 COUNTING EFFICIENCIES AND MDLs FOR FOUR INSTRUMENT SYSTEMS
Counting efficiencies in counts per minute per microcurie per liter for I-131 were determined for four instrument systems:

1) Two Thyac II 490 ratematers with Victoreen 489-55 1.5 x 1.25 inch NaI(Tl) probes.

2) Two Thyac III 490 ratemeters with Victoreen 491-30 GM probes.

3) Two Victoreen Thyac III 490 ratemeters with Victoreen 489-4 GM probes.

4) Seven CDV-700 ratemeters with a Victoreen 6306 bismuth loaded GM probes with 0.127 cm lead + 0.08 cm copper shields. 

The geometry for determining the efficiency was a 5 gallon "Jerri Can" with the dimensions 12" in length x 9" in width x 10" in height.
In order to determine counting efficiencies and MDLs sufficient activity must be present in the sample to produce an instrument meter reading several times the background count rate (i.e., typically midrange of the selected meter scale). For the above geometry, the procedure used called for placing 20 liters of water in the "Jerri Can" and mixing with approximately 24.0 µCi of I-131. The resulting concentration in the container was approximately 1.2 µCi per liter. An acrylic tube (1/8-inch thick wall) sealed on the bottom to prevent liquid from reaching the probe was centered in the container. Each probe was introduced in turn and the count rate recorded. The results are presented in Table H-l. Samples were collected for analysis to determine the concentration of I-131 in the 20 liters after mixing the 24.0 µCi aliquot and after the count rate determination. 

Minumum detectable levels (MLDs) of activity for I-131 in 20 liters of water are presented in Table H-2. Averages of MDLs in counts per minute were used to determine MDLs in µCi per liter as presented in the main report and in Table H-3.
Further laboratory experiments utilizing I-131 concentration near the preventive PAG, 0.015 µCi per liter, confirm the MDLs presented in Table H-3. Of the instruments used, only the Thyac III 490 ratemeter with the Victoreen 489-55 NaI(Tl) detector is sensitive enough to detect I-131 at the preventive response level using the immersion counting method.
Table H-1.  Immersion Methods, Calculation of cpm/µCi/L I-131 for Four Instrument Systems
*See Appendix H for Image*
Table H-2.  Minimum Detectable Countrate in Counts per Minute for Four Instrument Systems
*See Appendix H for Image*
Table H-3.  Calculation of MDL in µCi/L I-131 in a 12”x9”x10” Jerri Can for Four Instrument Systems
*See Appendix H for Image*
APPENDIX I  – ASSUMPTIONS USED IN DEVELOPING A CALIBRATION CURVE FOR THE THYAC iii WITH 489-55 1.25" x 1.5" (NaI(Tl)) PROBE
A calibration curve was developed for cpm/µCi/L I-131 for a mixture of iodine isotopes expected in milk. The iodine isotope mix was based on the radionuclide inventory in the Reactor Safety Study.
 The curve is presented as Figure 5 in the main report. Information used to develop the curve is provided in the tables of this appendix. The calibration curve (i.e., cpm per µCi/liter) was calculated by determining the detector counting efficiency relative to I-131 for the average gamma-ray energy per disintegration for each isotope. The normalized counting efficiency for each isotope was weighted by the reactor core inventory of each isotope and the decay period for the time of interest. These weighted normalized counting efficiencies were summed to determine the total detector response. The total detector response for each time interval was then multiplied by the I-131 counting efficiency to obtain the calibration curve. The detection efficiencies were taken from a report by Vegors et.al.

Table I-1.  information Used to Determine NaI(T1) Detector Response to a Mixture of Iodine Isotopes

[image: image19.jpg]Normalized Normalized
= Detector Reactor =
Isotopes E (Mev) Response Yield (hr™")
1-131 0.39 1 1 0.003581
1-132 2.2 0.521 1.412 0.30347
1-133 0.60 0.789 2.0 0.03332
1-134 2.6 0.507 2.235 0.7952
1-135 1.5 0.563 1.765 0.10345





Table I-2.  Calculation of Count Rate for the Victoreen 489-55 NaI(T1) probe Calibration Curve
[image: image20.jpg]g

L O N AW N - O

Total

Detector
Response

D T L]

.441
.862
.387
.186
.091
.044
1.
1.
1.
1.

022
011
005
00

Counting
Efficiency

cpm/uCi/L 1-131

284,000
284,000
284,000
284,000
284,000
284,000
284,000
284,000
284,000
284,000

Total
Count Rate

(cpm/pCi/L 1-131)

1,545,244
528,808
393,908
336,824
300,844
296,496
290,248
287,124
285,420
284,000





APPENDIX J  – GLOSSARY
AMS
Aerial Measuring System – DOE operated aerial radiation surveillance program which may be used for plume verification and ground deposition monitoring.
ARAC
Atmospheric Release Advisory Capability – Atmospheric computer modeling system based at Lawrence Livermore National Laboratory – can be utilized for making dose projections.
Class A Dairy
A dairy farm which produces milk of a quality that can be used for fluid milk consumption. 

Class B Dairy
A dairy farm which produces milk of a quality which can only be used for manufactured or processed milk products. 

Deposition Velocity
A calculated rate (m/sec) at which airborne species (i.e., particulates or gases) are impacted upon a depositional surface. The calculations are based upon measurements of air concentrations and surface area concentrations. 

Derived Response Level
A calculated radionuclide concentration in foodstuffs, milk, and water, which, if ingested without any protective actions, would result in a projected dose commitment equivalent to the preventive or emergency PAGs. 

ECCS
Emergency Core Cooling System

Emergency PAG
Applies to incidents where protective actions of great impact on the food supply are justified because of the projected health hazards. An Emergency PAG establishes a dose commitment level at which responsible officials should isolate food containing radioactivity to prevent its introduction into commerce, and at which the responsible officials must determine whether condemnation or another disposition is appropriate. (Equivalent to a projected dose commitment of 15 rem thyroid, 5 rem whole body or bone marrow to an infant or adult.)

Emergency Response Level
The concentration of radionuclides in foodstuffs, milk, or water which if ingested would, without any protective action, result in projected dose commitment equivalent to the emergency PAG.

EOF
Emergency Operations Facility – A licensee controlled and operated offsite support center with facilities for coordination of emergency response activities with Federal, State, and local agencies and management of overall licensee emergency response.

EOC
Emergency Operations Center – the center from which emergency response teams receive their field directions. Usually operated and staffed by State or local personnel.

EPZ
Emergency Planning Zone – A generic area defined about a nuclear facility to facilitate emergency planning. It is defined for the plume (0-10 mile radius) and ingestion (0-50 mile radius) exposure pathways. In relation to emergency response, an EPZ is an area in which best effort is performed making use of existing emergency plans and it not an area in which particular criteria must be met. 

FRC
Federal Radiation Council

FRERP
Federal Radiological Emergency Response Plan – The single Federal plan for coordinating significant Federal response to any civil radiological emergency. The FRERP is intended to facilitate and clarify the Federal role and mechanisms for providing support to State and local governments in a major radiological emergency, if Federal support is required.

FRMAP
Federal Radiological Monitoring and Assessment Plan.

FRPCC
Federal Radiological Preparedness Coordinating Committee – Consists of the Federal Emergency Management Agency (FEMA) which chairs the Committee, Nuclear Regulatory Commission (NRC), Environmental Protection Agency (EPA), Department of Health and Human Services (HHS), Department of Energy (DOE), Department of Transportation (DOT), Department of Defense (DOD), United States Department of Agriculture (USDA), Department of Commerce (DOC), and where appropriate and on an ad hoc basis, other Federal departments and agencies.

Government Agencies
Federal – agencies, departments, or their components of the U.S. Federal government, having a role in emergency planning preparedness. State – government agency or office having the principal or lead role in emergency planning and preparedness. Local – government agency or office having the principal or lead role in emergency planning and preparedness. Generally this will be the county government.

Ingestion Exposure Pathway
The principal exposure from this pathway would be from ingestion of contaminated water or foods such as milk or fresh vegetables. The time of potential exposure could range in length from hours to months. The radial distance affected is approximately 50 miles.

LOCA
Loss of Coolant Accident

Milk Shed
All dairy farm areas supplying milk for a given city or geographic marketing region.

PAG
Protective Action Guide – the projected dose commitment values to individuals in the general population that warrant protective action following a release of radioactive material.

Plume Exposure Pathway
The principal exposure sources from this pathway are: (a) whole body external exposure to gamma radiation from the plume and from deposited materials, and (b) inhalation exposure from the passing radioactive plume. The potential exposure could range in length from hours to days and out to a radial distance of approximately 10 miles. 

Preventive PAG
Applies to situation where protective actions causing minimal impact on the food supply are appropriate. A preventative PAG establishes a dose commitment level at which responsible officials should take protective action to prevent or reduce the concentration of radioactivity in food or animal feed. (Equivalent to a projected dose commitment of 1.5 rem thyroid, 0.5 rem whole body or red bone marrow to an infant).

Preventative Response Level
The concentration of a radionuclide in foodstuffs, milk, or water which if injected, without any preventative action, would result in a projected dose commitment equivalent to the preventative PAG.

Projected Dose Commitment
The dose commitment that would be received in the future by individuals in the population group from the contaminating event if no protective action were taken. (rem is the unit of measurement).

Protective Action
An action taken to avoid or reduce the projected dose commitment. (Sometimes referred to as protective measure.)

RSS
Reactor Safety Study (WASH-1400).

Source Term
The amount of activity and chemical forms of radionuclides released from a nuclear power plant, often a function of time.
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