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1. Introduction
�t Slug tests are a widely used method to measure saturated  
 hydraulic conductivity, or how easily water �ows through  
 an aquifer. 
�t�� �4�B�U�V�S�B�U�F�E���I�Z�E�S�B�V�M�J�D���D�P�O�E�V�D�U�J�W�J�U�Z���J�T���D�S�V�D�J�B�M���U�P���D�B�M�D�V�M�B�U�J�O�H���� ��
 the speed and direction in which groundwater �ows    
 which in turn gives arrival times and locations of 
 contaminant spills, �oods, and other important events.   
 Therefore, it is important to document data variance from  
 in situ slug tests. 
�t�� �5�I�J�T���T�U�V�E�Z���B�E�E�S�F�T�T�F�T���U�X�P���Q�P�U�F�O�U�J�B�M���T�P�V�S�D�F�T���P�G���E�B�U�B��
 variability: di�erent users and di�erent types of slug 
 used. 

Figure 1: A view of Gothic Mountain from Meander C on the East River near Crested Butte, CO

2. Methods

Figure 2: Map of Meander C onthe East River Near Crested Butte, CO where all 
samples were collected

Figure 3: Site Setup (Left to 
Right:
Solinst Water Level Meter, 1 L 
Graduated Cylinder, Well)

Figure 4: Metal slug test schematic Figure 5: Water slug test schematic
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Figure 7 (left): Partial* data distribution between the hydraulic conductivities 
of User 1 and User 2 which shows statistically similar medians and absolute 
deviations from the medians

Figure 8 (right): Full data distribution between the hydraulic conductivities of 
metal slugs and water slugs which shows statistically dissimilar medians and 
statistically similar absolute deviations from the medians

*Figure 7 was truncated in order to appear more visually comparable with Figure 8

Materials (Fig. 3)
�� �t�� �0�O�T�F�U���)�0�#�0���Q�S�F�T�T�V�S�F���U�S�B�O�T�E�V�D�F�S�T
�� �t�� �.�P�E�F�M�����������4�P�M�J�O�T�U���X�B�U�F�S���M�F�W�F�M���N�F�U�F�S
�� �t�� �����-���H�S�B�E�V�B�U�F�E���D�Z�M�J�O�E�F�S
�� �t�� �������N�-���N�F�U�B�M���T�M�V�H

 Metal Slug Tests (Fig. 4)
�� �� �t�� �4�F�U���Q�S�F�T�T�V�S�F���U�S�B�O�T�E�V�D�F�S���U�P���M�P�H���B�U���P�O�F���T�F�D�P�O�E������
   intervals and place in the bottom of the well.
�� �� �t�� �3�F�D�P�S�E���J�O�J�U�J�B�M���X�B�U�F�S���M�F�W�F�M���P�G���X�F�M�M���X�J�U�I���X�B�U�F�S������ ��
   level meter.
�� �� �t�� �%�S�P�Q���N�F�U�B�M���T�M�V�H���J�O�U�P���X�F�M�M���B�T���R�V�J�D�L�M�Z���B�T��
   possible. 
�� �� �t�� �1�F�S�J�P�E�J�D�B�M�M�Z���S�F�D�P�S�E���X�B�U�F�S���M�F�W�F�M���V�O�U�J�M���J�U���S�F�U�V�S�O�T������
   to original level. 
�� �� �t�� �3�F�N�P�W�F���T�M�V�H���B�O�E���B�M�M�P�X���X�F�M�M���U�P���S�F�D�P�W�F�S���G�V�M�M�Z���� ��
   before performing the next slug, regardless of  
   type. 

Water Slug Tests (Fig. 5)
�� �t�� �4�F�U���Q�S�F�T�T�V�S�F���U�S�B�O�T�E�V�D�F�S���U�P���M�P�H���B�U���P�O�F���T�F�D�P�O�E���J�O�U�F�S�W�B�M�T���B�O�E����
  place in the bottom of the well.
�� �t�� �3�F�D�P�S�E���J�O�J�U�J�B�M���X�B�U�F�S���M�F�W�F�M���P�G���X�F�M�M���X�J�U�I���X�B�U�F�S�����M�F�W�F�M���N�F�U�F�S��
�� �t�� �1�P�V�S���P�O�F���M�J�U�F�S���P�G���X�B�U�F�S���J�O�U�P���X�F�M�M���B�T���R�V�J�D�L�M�Z���B�T���Q�P�T�T�J�C�M�F��
�� �t�� �1�F�S�J�P�E�J�D�B�M�M�Z���S�F�D�P�S�E���X�B�U�F�S���M�F�W�F�M���V�O�U�J�M���J�U���S�F�U�V�S�O�T���U�P���P�S�J�H�J�O�B�M���� ��
  level.
User Variability
�� �t��To examine user variability,  six wells in Meander C (Fig. 2)  
  were slugged three times by User 1 and six times by User 2.  
 Slug Type
�� �t��To examine slug type variability, a single well in Meander C  
�� �� �X�B�T���T�M�V�H�H�F�E���������U�J�N�F�T���X�J�U�I���X�B�U�F�S���B�O�E���G�P�V�S���U�J�N�F�T���X�J�U�I���B���� ��
   metal slug.

4. Discussion

Water Slug vs Metal Slug (Well CP4)
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3. Results  

Figure 6:���5�I�F���Q���W�B�M�V�F�T���G�S�P�N���U�I�F���,�S�V�T�L�B�M�o�8�B�M�M�J�T���U�F�T�U���B�O�E���U�I�F���#�S�P�X�O�o�'�P�S�T�Z�U�I�F���U�F�T�U��
which show that the data between User 1 and User 2 have statistically similar 
medians and absolute deviations from the medians while the data between the 
water slugs and metal slugs have statistically dissimilar medians and statistically 
similar
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�t�� �4�J�O�D�F���C�P�U�I���U�I�F���"�/�0�7�"���T���J�O�E�J�D�B�U�F���U�I�B�U���U�I�F���E�B�U�B���C�F�U�X�F�F�O
 User 1 and User 2 are statistically similar, it should not   
 matter if multiple people conduct slug tests for the    
 same dataset (Fig. 7). 
�t�� �"�M�U�I�P�V�H�I���U�I�F���#�S�P�X�O�o�'�P�S�T�Z�U�I�F���U�F�T�U���T�I�P�X�T���U�I�B�U���U�I�F��
 absolute deviance in medians is statistically similar, the  
 medians themselves are statistically dissimilar. The use   
 of multiple types of slugs to �nd hydraulic conductivity  
 will  result in additional variance and should be 
 avoided(Fig. 8).

Statistical Analysis
�t�� �5�I�F���U�X�P���F�Y�Q�F�S�J�N�F�O�U�T���X�F�S�F���U�F�T�U�F�E���G�P�S���T�J�N�J�M�B�S�J�U�Z���V�T�J�O�H����
�� �C�P�U�I���U�I�F���,�S�V�T�L�B�M�o�8�B�M�M�J�T���U�F�T�U���B�O�E���U�I�F���#�S�P�X�O�o
 Forsythe test.
�� �t�� �5�I�F���,�S�V�T�L�B�M�o�8�B�M�M�J�T���U�F�T�U���Q�F�S�G�P�S�N�T���B�O���B�O�B�M�Z�T�J�T���P�G��
�� �� �W�B�S�J�B�O�D�F���	�"�/�0�7�"�
���P�O���U�I�F���N�F�E�J�B�O�T���P�G���U�X�P���P�S���N�P�S�F������
  groups.
�� �t�� �5�I�F���#�S�P�X�O�o�'�P�S�T�Z�U�I�F���U�F�T�U���Q�F�S�G�P�S�N�T���B�O���"�/�0�7�"���P�O���� ��
  the absolute deviations from the medians of two   
  or more groups.
�t�� �&�B�D�I���U�F�T�U���S�F�U�V�S�O�T���B���D�B�M�D�V�M�B�U�F�E���Q�S�P�C�B�C�J�M�J�U�Z���P�G���B���D�F�S�U�B�J�O����
�� �P�V�U�D�P�N�F���	�Q���W�B�M�V�F�
�
���X�I�J�D�I���J�T���B���O�V�N�C�F�S���C�F�U�X�F�F�O���[�F�S�P����
�� �B�O�E���P�O�F�
���X�J�U�I���[�F�S�P���N�F�B�O�J�O�H���U�I�B�U���U�I�F�S�F���J�T���O�P��
 similarity between a set of groups and one meaning  
 that all groups are identical.
�t�� �5�I�F���Q���W�B�M�V�F�T���B�S�F���D�P�N�Q�B�S�F�E���U�P���U�I�F���D�P�O�ö�E�F�O�D�F��
 interval (�), which speci�es the threshold for 
 similarity (Fig. 6). 
�� �t�� �0�V�S���:���J�T���T�F�U���B�U�����������	���������T�J�N�J�M�B�S�J�U�Z�
��
�� �t�� �*�G���Q�������:�
���U�I�F���E�B�U�B���J�T���T�U�B�U�J�T�U�J�D�B�M�M�Z���T�J�N�J�M�B�S��
�� �t�� �*�G���Q�������:�
���U�I�F���E�B�U�B���J�T���T�U�B�U�J�T�U�J�D�B�M�M�Z���E�J�T�T�J�N�J�M�B�S��

5. Conclusion

Multiple people should be able to conduct slug tests without 
creating any considerable variations in the resulting hydraulic 
conductivity values, but only a single type of slug should be 
used for those tests.

Potential Sources of Error
�t�� �&�W�B�Q�P�U�S�B�O�T�Q�J�S�B�U�J�P�O
�t�� �$�I�B�O�H�F�T���J�O���X�B�U�F�S���U�B�C�M�F���I�F�J�H�I�U���E�V�F���U�P���D�I�B�O�H�F�T���J�O���S�J�W�F�S���T��
 discharge
�t�� �8�B�U�F�S���E�J�T�Q�M�B�D�F�E���C�Z���X�B�U�F�S���M�F�W�F�M���N�F�U�F�S

Test    Kruskal–Wallis p-Value Brown–Forsythe p-Value

User 1 vs User 2 0.9314     0.9332

Metal Slug vs  0.0128     0.7802
Water Slug
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