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Sensitivity of Ground-Water Systems to Pollution

SENSITIVITY OF GROUND-WATER SYSTEMS
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zﬁsgcmﬁngesg#}':rﬁ?wnsmp boundaries shown; governmental township bound- INTRODUCTION The water-table elevation (Plate 8) was subtracted from the land-surface elevation derived from the DEM, and areathe second score category of 20 to 40 occurred in 39.5 percent of the county and indicates significant amountg@find water in the Quaternary water-table aquifer, Quaternary confined aquifers, Cretaceous aquifer, and Precamprian Less than 20 20 to 40 Greater than 40
_ o _ _ with depth to the water table of 20 feet or less were delineated. The remaining portion of the map was assumed to loswpermeability geologic materials within the 50-foot zone. A typical example of the subsurface geology in this scdvedrock. The locations of Cretaceous and Precambrian bedrock within 50 feet of the land surface are shown by pagerns to 50
Universal Transverse Mercator projection, grid zone 15, 1983 North American Prevention of ground-water pollution is important to wise management of ground-water resources. One approadtepth to water greater than 20 feet but was further refined in the following two steps. First, any wetland areas t¢agtgory includes outwash overlying a single layer of till or multiple layers of till interlayered with high-permeabilityon the plate. Depth to Water (feet)
Datum. Vertical datum is mean sea level. . . . . . . . - . . . . e .
to protect ground-water resources is to identify areas sensitive to pollution. The Minnesota Department of Natwrake identified by the NWI larger than 4.94 acres and that occurred in the map area having a depth to water greaterstb@diments. The Very High sensitivity areas occur only where the water-table aquifer is present. These areas cover 18 percefror bilit Great Great Great
GIS and cartography by Michael Scharber and Randy McGregor, DNR, and Resources (DNR) defines a sensitive area as a geographic area characterized by natural features where th2@eféet were reassigned a depth to water value of 20 feet or less. Second, any soil map areas with depth to water of |d$e third score category occurred in 24.1 percent of the county that had subsurface permeability scores greaterttigarated area of the county (lakes are excluded) and occur either along the Mississippi River, Sauk River, and ’\I-I rﬁermea ity Surficial Geology ' (See Plate 3, Part A) | 0 to 20 reater{ g i0 20 [>"¢@%" 1o t0 20 [>rater
Norman Anderson, Land Management Information Center, Minnesota Planning significant risk of ground-water degradation from activities conducted at or near the land surface (MS § 103H.101). Tihen 6 feet (seasonal high water table) as defined by the Stearns County Soil Survey and that occurred in the mapi@rea50. Those areas are typically underlain by nearly homogeneous, low-permeability till and lack buried sand &odk Crow River valleys or in the broader outwash plains in the eastern and southwestern parts of the county. The High >roUP than 20 than 20 than 20
Office. Desktop publishing layout by Kim Anderson, Communications.Media L - o . L . . L . . . e "
Division, Minnesota Department of Administration. Digital assembly by Nordic DNR has developed criteria and guidelines to assess sensitive areas (Geologic Sensitivity Workgroup, 1991). Witls a water-table depth of greater than 20 feet were reassigned a depth to water value of 20 feet or less. gravel lenses within the 50-foot zone. These low-permeability areas would be expected to have the greatest nagerditivity areas (22 percent) also occur only where the water-table aquifer is present, but these sensitivity areasjhave Alluvium (a) 7 Hv Hv
Press. assessment for Stearns County is based on estimating the ability of geologic materials to restrict the downwar&urficial geology.The surficial geology map (Plate 3 in Part A) was used to prepare a map showing areas with simifarotection against infiltrating contaminants of the three score categories. several distinct hydrogeologic conditions that result in decreased sensitivity compared to Very High sensitivity arda Eolian sand (e) Hv H H
migration of contaminants to the ground water. This plate shows the ground-water pollution sensitivity at the depttesfimated vertical permeability. For this factor, four groups of surficial deposits were identified based on their estimatedSeographic information system processes and the rating matriMaps of the factors described above were These High sensitivity areas are characterized by buried low-permeability materials in outwash (e.g., part of h Outwash, Des Moines lobe (do) H 49% | H 3.9% Hv
50 feet below the land surface. vertical permeability. For example, alluvium, eolian sand, outwash, terrace deposits, and ice contact deposits wigggally combined into a composite map using geographic information system (GIS) technology (Figure 2). TlBgooten-Belgrade region), peat deposits over outwash, and depth to water greater than 20 feet. 1 Outwash, Superior lobe (so) Ho H Hv
Minnesota The DNR Information Center grouped together as high-permeability materials because of their coarse texture and placed in Permeability Group dormposite map consists of many small areas, each with its own combination of the three geologic and hydrogeologi€he Moderate sensitivity areas are extensive (35 percent of the rated area of the county), mostly in the northeaktgrn Torrace d'e osits () oY Hv oY
Twin Cities: (651) 296-6157 GROUND-WATER RESIDENCE TIME AND SENSITIVITY RATING contrast, till deposits from the Des Moines lobe were estimated lowest in permeability and included in Permeabifégtors. half of Stearns County. These areas are associated with loamy Des Moines lobe till in the northwestern portion of t P - - -
MN Toll Free: 1-888-646-6367 Group 4. Superior lobe till was estimated to have permeability greater than Des Moines lobe till because its texture i¥he rating matrix (Figure 3) shows how each of the three factors was considered in assigning sensitivity ratirgminty and sandy Superior lobe till in the eastern part of the county. The loamy Des Moines lobe till is rated Moderft Ice contact deposfts' Des M_°'"es '°b‘? (di) H VO H H Combination of
TTY for the Hearing Impaired: Sensitivity to pollution is best understood in relation to residence time, which is the approximate time that elapgeserally coarser and was included in Permeability Group 3. Peat deposits shown on Plate 3 were evaluated sepagelitivity ratings were assigned according to relative vertical permeability. For example, Very High sensitivity wasstead of Low, where buried sand and gravel layers are within the 50-foot zone, such as in the northwestern corngr of Ice contact deposits, Superior lobe (si) H 1.0% Hv Hv cgrr?di{inoanls?ﬂoot
(651) 296-5484 from when a drop of water infiltrates the land surface until it is discharged or pumped from an aquifer. Radiomettiepending on the underlying sediment because they are thin and occur at the land surface. Areas with peat over tillagsigned to areas that were estimated to have the greatest permeability, and Low sensitivity was given for those greasunty. Low sensitivity areas cover about 25 percent of the county, chiefly southwest of the Sauk River valley grig Lake sand and silt, Des Moines lobe (dls) Hv Hv M possible in model
Bﬁ%smgsgﬁrzms MN Toll Free: 1-800-657-3929 dating using isotopes of carbon (carbon-14) and hydrogen (tritium) can determine the residence time of ground wetesidered to have the permeability of the underlying till in the sensitivity assessment because of the effectivenesgitbf the lowest permeability. High and Moderate sensitivity ratings were assigned to those areas with intermediatetheast of the Brooten-Belgrade region. These areas are characterized by thick, loamy Des Moines lobe till with ffe® Lake sand, Superior lobe (sl) Hv H M
in an aquifer (Alexander and Alexander, 1989). Shorter residence times may indicate recent recharge and hitgvespermeability till in retarding the rate of travel. Areas with peat over outwash, on the other hand, decrease #stimated permeability. or no buried sand and gravel bodies within the 50-foot zone. o Marl (m) Hv Hv M
This information is available in an alternative format upon request. sens?tiv?ty. Longer res@dence tir_nes may represent a.greater travel time and increased geologic protection. The geosegisitivity rating from Very High _to High because of lower estimated permgability of the peat even though it is thin. Cerjtain combinations of permeab.ility groups and subsurface permeability scores were defined in the model to .bﬁ he pollution sensitivity interpretation and associated trave;l_ times were compared to residence times derived f 0% Des Moines lobe outwash over Superior lobe till (dot) Hv Hv MY
sensitivity and travel-time relationship is shown in Figure 1. Subsurface permeability. Sediment and rock found at depth may be different from that observed at the surfacexclusive. There can be no areas with surficial geology in Permeability Groups 1 and 2 and subsurface permealilitym analyses of water samples from selected wells. The tritium data included samples from 11 wells screened jtama 2 Tl sand. and aravel complox. Suberior obe (sc oy oy 7
This map was compiled and generated using geographic information system There are four pollution sensitivity categories on this plate: Very High, High, Moderate, and Low. The correspondi(@late 3 in Part A). This difference can affect estimates of travel time and sensitivity. This factor evaluates twores of greater than 40 to 50. Similarly, no areas can exist with surficial geology in Permeability Groups 3 and 4 degith of 50 feet or less below the land surface; six well samples were from the Quaternary water-table aquifer andffig o = 9 V. Eex, SUpen (sc) - -
technology. Digital data products are available from the Land Management ranges of ground-water travel time are shown in Figure 1. The pollution sensitivity of an aquifer is assumed togeemeability of the subsurface sediment and rock by calculating subsurface permeability scores using a weighsilgsurface permeability scores of less than 20. were from the Quaternary confined aquifers. The map also shows tritium results from five lakes, which providecis Des Moines-Superior lobe complex (dsc) S o0 O 0 i
Information Center, Minnesota Planning Office, St. Paul. inversely proportional to the time of travel. In addition, contaminants are assumed to travel at the same rate as waiethod. Permeability scores were based on data from about 4100 well logs in the County Well Index (CWI) databas@ GIS program assigned sensitivity ratings as defined by Figure 3 to each of the areas on the composite mapirsfodmation about current tritium levels in precipitation. The tritium data from the 11 wells were not distributed even g Peat, over outwash (p) H 4.3% HY Mv Mv
_ _ _ _ _ Very High sensitivity indicates that water moving downward from the surface may reach the ground-water systéon Stearns County. The lithologies recorded for these wells were examined to a depth of 50 feet below the land surfameluced the sensitivity map. throughout the county; few wells screened within the 50-foot zone were found in till areas. - Till, sand, and gravel complex, Des Moines lobe (dc) H 0.8% Hv Mv Mv
This map was prepared from publicly available information only. Every within hours to months. In these areas, there is little time to respond to and prevent aquifer contamination. Conver3élg, CWI database for Stearns County identified 28 lithologic units within the 50-foot zone. Each of the 28 lithologic The tritium data shown on the map are in general agreement with the pollution sensitivity ratings. Most tritium dgt& Igneous and metamorphic rocks (r) MV MV M M
reasonable effort has been made to ensure the accuracy of the factual data Low sensitivity indicates there is time for a surface contamination source to be investigated, and possibly correctaits was assigned a weight from 0 to 1 based on its estimated permeability. Coarse-textured deposits such as sands and MODEL LIMITATIONS from well samples (seven samples) had recent residence times (tritium amounts greater than 10 tritium units [TU]) faggt Till, Superior lobe (st) M29% | M20% | M 1.0% | M 0.8%
on which this map interpretation is based. However, the Department of before serious ground-water pollution develops. However, relatively high sensitivity does not mean that water quatjtavels have the highest permeability potential and were given a lithologic unit weight of 0. Fine-textured deposits such occurred in the Very High, High, or Moderate sensitivity areas. Three water samples with mixed residence time (0.4-18 Suoradiacial Gl Sunerior 1ob AR A ANEE
Natural Resources does not warrant the accuracy, completeness, or any . . . . . . - . . . . . . . . o . . . . . . . ) o o . . L [9) 3 upraglacial till, Superior lobe (stp) .6% 3% 8% .0%
o . AL o2 has been or will be degraded. For example, if there are no contaminant sources, pollution will not occur. Also, relatiasyshale or clay have the lowest permeability potential and were assigned a lithologic unit weight of 1. The lithologicThe limitations inherent in the model for assessing sensitivity should be noted. This map gives a countywitid) were found in Very High and Moderate sensitivity areas, indicating a potential for vertical or lateral mixing of old¢r < , ,
implied uses of these data. Users may wish to verify critical information; o - . . h : ) . o . o ’ . . e . . L . . . . . Lo Till, thrust complex, Superior lobe (stt) Mv M 0.6% Mv Mv
sources include both the references here and information on file in the low sensitivity does not guarantee that ground water is or will remain uncontaminated. For example, leakage fronuait weights were assigned as follows: 0: boulder, cobble, gravel, pebbles, sand, silt, soil; 0.2: hardpan, loam, npanspective of pollution sensitivity; more detailed geologic and hydrogeologic information must be evaluated for a sid younger waters. One well sample having vintage water (less than 0.8 TU) was in the Moderate sensitivity arga : - : . = ) - y
: i i ; abandoned well may bypass the natural protection of geologic materials, allowing contaminated water from one aq@iferdstone, saprolite, wood; 0.3: mud, organic deposit, peat, regolith, siltstone; 0.5: coal, drift, fill, granite, g8artzite; @pecific investigation. The assessment does not consider any specific contaminant. The sensitivity evaluation is bsseeinatic diagram displaying residence time with depth along geologic cross section B-B’is shown in Figure 4. Th Des Moines lobe till over Superior lobe deposits (dst) S M4.2% | M 31% |SERISAEISENEIY
offices of the Minnesota Geological Survey and the Minnesota Department ! g , ' ; . - - T~ a 7 : e LU . . ) . . ) . )< - - - - - Combination of
of Natural Resources. Every effort has been made to ensure the to directly enter another aquifer. schist, slate, till; 1.0: clay, shale. These lithologic unit weights are more qualitative than quantitative and were basedirthe assumption that contaminants travel at the same rate as infiltrating water. Contaminants were assumegiot;d-water chemistry insert includes additional discussion of tritium occurrence in Stearns County. Des Moines lobe till over Rainy lobe deposits (drt) conditions not Mv MV Lv Lv
interpretation shown conforms to sound geologic and cartographic empirical knowledge, literature searches, and sensitivity-model tests. originate at or near the land surface and move downward; lateral movement was ignored. As noted in the Introduction, Lake clay and silt, Des Moines lobe (dlic) possible in model MV MV Lv Lv
principles. This map should not be used to establish legal title, boundaries, PREPARATION OF THE SENSITIVITY MAP Multiplying the thickness of a lithologic unit, as recorded in CWI, by the corresponding lithologic unit weight resultthis map shows an interpretation of pollution sensitivity to a maximum depth of 50 feet below the land surface. Shorter REFERENCES Supraglacial till, Des Moines lobe (dtp) M74% | M27% | L57% | L 1.9%
or locations of improvements. in a weighted unit score for that single layer. A subsurface permeability score for each well log was calculatedttavel time and thus higher sensitivity should be expected for ground water less than 50 feet deep, and longer travel time 4 Peat, over till (p) M 1.4% My L 0.8% Lv
_ . ) _ _ The pollution sensitivity assessment on this map was based on an empirical, qualitative approach. Three geolsigioming all the weighted unit scores for lithologic units to a depth of 50 feet below the land surface. The resultamgd lower sensitivity should be expected for ground water deeper than 50 feet. The evaluation does not consideAltsander, S. C., and Alexander, E. C., Jr., 1989, Residence times of Minnesota ground waters: Minnesota Acade Till. Des Moines lobe (df) L36% | Loow I L72% | Loo%
Equal’ opportunity. to) paricipaie in, and benefit o programs of the Minhesola and hydrogeologic factors were considered in the sensitivity model: depth to water table, surficial geology, asubsurface permeability scores range from 0 to 50. A well log with clay material recorded for the entire upper 50 feffects of human actions or specific land use practices. This map does not show where ground water is or will bef Sciences Journal, v. 55, no. 1, p. 48-52. ’ - - ' '
Department of Natural Resources is available to all individuals regardless of race, L ) . . . . L . . . . . o . S . . e Till, Winnipeg provenance (wt) Lv Lv Lv Lv
for example, has a subsurface permeability score of 50, while a well log with sand and gravel recorded for the emtinetaminated. Within these limitations, the map can serve as a screening tool to estimate the potential impact of ce@adlogic Sensitivity Workgroup, 1991, Criteria and guidelines for assessing geologic sensitivity of ground wafer i pegp
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subsurface permeability to a depth of 50 feet below the land surface.

Depth to water table.Generally, the closer the water table is to the land surface, the quicker a contaminant can redkfoot thickness has a score of zero.
the water-table system. For this sensitivity factor, a map was developed showing where the water table was 20 feet @ihe subsurface permeability scores of all wells were plotted on a map of Stearns County. Three categories of

less below the land surface, which is the typical range of water-table depths in Stearns County as presented on Plagti®ated subsurface permeability were defined and then delineated on the map on the basis of scores.

activities and land uses on the ground-water quality at a countywide scale.

Sources of digital information used to develop this map included the Digital Elevation Model (DEM; 1:100,000 scale), The first score category of less than 20 occurred in 36.4 percent of the county where geologic materials are the most

DISCUSSION OF SENSITIVITY MAP

the National Wetland Inventory (NWI; 1:24,000 scale), and the Stearns County Soil Survey (1:24,000 scale).
infiltrating contaminants.

GEOLOGIC ATLAS OF STEARNS COUNTY, MINNESOTA

resources in Minnesota: Minnesota Department of Natural Resources, Division of Waters, St. Paul, MN, 122 p. 'Plate 3, Part A map unit codes shown in parentheses
?Subsurface permeability scores calculated for each of about 4100 well logs. See text for description of score calculations.

permeable within the 50-foot zone. This category implies the least amount of protection of the three categories againdthis plate shows the ground-water pollution sensitivity at the depth of 50 feet below the land surface. This depth is
in the pumping range of shallow domestic and irrigation wells. The upper 50-foot zone in Stearns County includes

FIGURE 3. Matrix for rating pollution sensitivity at a depth of 50 feet below the land surface. Percent shown in cell indicates the total
rated area of county for that condition. An inverted triangle means the total rated area of the county with that conditessithbin
0.5 percent but greater than zero. Cells with no percent or triangle indicate conditions that are possible but were not found.



